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PREFACE   BY   THE  AUTHOR. 


This  book  is  intended  chiefly  for  those  who,  without  desiring 
to  become  botanists  by  profession,  wish  nevertheless  to  be- 
come acquainted  with  the  elements  of  scientific  structural 
botany.  It  will  likewise  introduce  the  beginner  to  the  various 
methods  of  microscopical  manipulation. 

The  study  of  vegetable  structure  is  especially  favourable  as 
an  initiation  into  the  use  of  the  microscope ;  and  any  one 
whose  future  career  will  require  command  over  this  instru- 
ment should  commence  with  the  study  under  the  microscope 
of  vegetable  anatomy. 

The  manual  is  divided  into  thirty-two  chapters,  each  of 
which  is  intended  to  provide  materials  for  several  hours'  prac- 
tical work  in  the  laboratory.  The  earlier  chapters  are  easy, 
and  the  difficulties  to  be  encountered  increase  almost  con- 
tinuously up  to  the  last  chapter.  The  first  chapter  assumes 
on  the  part  of  the  worker  entire  ignorance  as  to  the  use  of 
his  instruments,  but  nevertheless  assumes  the  possession  of 
some  general  botanical  knowledge.  With  this  elementary  pre- 
paration the  beginner  ought  to  be  able,  by  the  diligent  use 
of  this  book  alone,  to  acquire  a  tolerably  broad  knowledge 
both  of  vegetable  structure  and  of  the  methods  of  micro- 
scopical work. 

The  objects  for  study  have  been  so  selected  that  most  can 
be  obtained  with  comparative  ease.  In  many  places  I  have 
recommended  the  use  of  plants  preserved  in  alcohol,  as  the 
worker  is  thus  rendered  independent  of  the  time  of  year.  As, 
however,  the  objects  may  need  to  be  collected  even  months 
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IV  PREFACE   BT   THE  AUTHOK. 

before  being  used,  tlie  student  ought  carefnllj  to  consult  a 
special  list  of  plants  or  portions  of  plants  needed  for  his  work, 
and  which  cught  to  be  collected  at  some  giren  time  or  con- 
dition. Not  infrequently  the  objects  need  to  undergo,  in 
order  to  make  them  fit  for  use,  some  preliminary  preparation, 
which  may  take  several  hours,  or  even  a  day.  The  student 
ought  therefore  to  take  cognisance  of  a  lesson  a  suflSciently 
long  time  before  commencing  work. 

The  list  of  necessary  reagents  will  be  found  at  tlie  end  of 
the  book.  These  reagents  should  be  ready  before  beginning 
work.  The  method  of  preparation  of  special  reagents  for 
histological  work  is  also  given  in  this  list.  Many  of  these 
it  is  preferable  to  obtain  ready-made  from  the  firm  mentioned 
at  the  head  of  the  list. 

The  explanations  and  illustrations  of  the  use  of  the 
instruments  and  reagents  are  scattered  in  the  text;  but  the 
general  index  is  made  so  far  complete  as  to  enable  the  student 
easily  to  refer  to  any  explanations  which  may  be  necessary. 

I  have  given  especial  care  to  the  methods  of  study  of  the 
Bacteria;  with  the  preparation  which  this  hook  gives,  the 
student  will  be  capable  of  following  out  any  deeper  researches 
into  this  subject,  as  well  as  of  realizing  their  practical  appli- 
cation. 

All  the  figui-es  in  this  work  have  been  drawn  by  myself 
from  nature.  Almost  all  of  the  facts  given  in  the  text,  even 
those  which  were  well  known,  have  been  submitted  to  careful 
control. 

At  the  close  of  each  chapter  are  given  some  bibliographical 
notes,  which  show  the  student  the  fountain-head  whence 
fuller  information  can  be  obtained. 

Ed,  Stbasdcbc-eh, 
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PRBPAOB  TO  THE  ENGLISH  EDITION. 


Although  the  last  two  or  three  years  have  produced  at  least 
as  many  works  on  Practical  Botany  for  Laboratory  pnrposes, 
QO  apology  is  needed  for  reproducing  from  the  German  one 
which  has  no  counterpart  in  the  English  language,  and  which 
has  the  advantage  of  being  written  by  one  of  the  greatest 
living  masters  of  microscopical  observation. 

Although  Professor  Strasburger  has  revolutionized  the 
science  of  Botany  in  more  than  one  direction,  no  work  of  his 
has  as  yet  come  before  an  English  public  in  ita  own  tongue; 
but  it  is  perhaps  not  unfitting  that  the  Author's  first  introduc- 
tion to  the  English-reading  student  should  be  in  the  rdle  of 
teacher  of  those  arts  of  manipulation  and  observation  by  the 
exercise  of  which  his  own  fame  has  been  gained. 

This  edition  has  the  advantage  of  revision  and  of  numerous 
additional  notes  by  the  Author ;  some  portions  have  been  well- 
nigh  rewritten.  To  these  I  have  ventured  to  add  notes  of  my 
own,  intended  to  either  simplify  or  amplify  the  description, 
or  to  enable  the  material  selected  by  the  Author  to  be  re- 
placed by  some  other,  probably  more  readily  obtainable. 
These  additions  have  been  either  inserted  as  footnotes,  or, 
where  intercalated  in  the  text,  are  usually  inserted  between 
square  brackets  [  ] .  The  Introduction  I  have,  with  the  con- 
sent of  the  Author,  nearly  rewritten,  in  order  to  make  it  more 
suited  to  the  English  student;  similarly  with  a  few  other 
isolated  paragraphs.  A  few  additional  illustrations  I  have 
been  enabled  to  add,  through  the  courtesy  of  the  Publishers; 
descriptions  of,  and  references  to,  these  are  likewise  enclosed 
in  brackets.     To  make  the  book  more  convenient  in  use,  I 
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Vi  PREFACE  TO   THE    ENQLISH   EDITION. 

ha>Te  given  at  the  head  of  each  chapter  {task,  or  lesson,  in 
the  original)  a  list  of  the  objects  required  for  study  in 
that  chapter.  I  regret  that  I  did  not  add  to  these  lists  any 
special  reagents  which  might  be  required  for  use ;  possibly  a 
future  edition  may  give  opportunity  for  this. 

I  have  considerably  enlarged  the  scope  of  Appendices  II, 
and  III.,  and  have  added  two  new  Appendices,  I.  and  IV., 
which  I  hope  may  be  useful  to  the  student.  Throughout  the 
work  I  have  likewise  added  the  common  English  names  (if 
any)  of  the  plants  referred  to. 

The  student  will  probably  not  be  able  to  carry  out  all  the 
investigations  constituting  a  chapter  at  the  same  time.  A 
careful  note  should  be  made  of  any  which  are  thus  postponed, 
so  that  they  may  be  taken  up  in  due  season.  It  is  not  un- 
likely that  some  may  not  come  at  all  within  the  range  of  the 
student's  observation ;  for  these  examples  the  book  must  be 
looked  upon  in  the  light  of  a  text-boot. 

The  student  is  earnestly  urged  to  study  from  the  beginning 
the  Author's  methods  of  work.  These  are  especially  note- 
worthy when  he  comes,  perhaps  incidentally,  to  correlate 
structure  with  function.  The  interdependence  of  these  two 
factors  in  the  plant's  life  history  is  the  great  underlying 
principle  of  modern  botanical  teaching,  and  the  student 
cannot  too  soon  begin  to  exercise  his  thoughts  in  this  direc- 
tion, resting  assured  that  his  methods  are  right  even  though 
his  results  may  for  the  time  being  prove  to  be  erroneous. 

As  to  translation,  no  one  can  feel  so  fully  as  myself  its 
many  and  serious  defects.  I  can  only  plead  that  the  work 
was  executed  at  a  time  of  serious  pressure,  and,  although  cir- 
cumstances have  delayed  the  issue  of  the  book,  the  manuscript 
was  out  of  my  hands,  and  therefore  only  subject  to  such 
limited  correction  as  proof-sheets  would  allow, 

W.  H. 

BiBUiNQBAii,  Seplemhei;  1886. 
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SECOND    ENGLISH    EDITION. 


Ai.TUODQH  anjthing  like  a  complete  revision  of  the  text  has  been 
impracticable,  I  have  been  enabled,  through  the  liberality  of  the 
Pabliehera,  to  make  several  considerable  and  important  additions 
both  to  the  text  and  fignrea  (mainly  derived  from  the  Second 
Edition  of  the  Botanisches  Fracticum.),  and  the  chapters  npon 
"  Vaacnlar  Bundles  "  and  "Bacteria"  have  been  to  some  extent 
re-written.  A  list  of  the  moat  important  of  theae  changes  will  be 
found  on  page  xii.,  at  the  end  of  the  Contenta.  I  hope  that  these 
additions  will  still  further  enhance  the  utility  of  the  work  to 
those  for  whom  it  is  intended.  I  have  likewise  made  a  few  verbal 
and  other  corrections,  and,  after  m.uch  hesitation,  have  eliminated 
the  sqnare  brackets  wherever  this  has  been  feasible. 

I  have  moat  heartily  to  thank  many  correspondents  here,  in 
America,  and  elsewhere,  for  numerona  notes,  memoranda,  and 
criticisms.  Althongh  I  may  not  at  present  have  been  able  to 
make  nse  of  them,  these  suggestions  will  not  be  lost  sight  of ; 
and  even  should  they  never  be  nsed,  I  am  none  the  less  grateful 
for  the  kindly  spirit  which  haa  prompted  their  transmisaion. 

W.H. 
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Students  at  UniyersiticB,  or  properly  equipped  Colleges,  or  Schools 
of  Science,  will  usaally  find  in  the  Botaiiicfl.1  Laboratory  the  instm- 
menta  which  are  needed  for  their  work.  For  those,  however,  who 
are  not  connected  with  snch  an  inatitntion,  hut  may  use  this  hook 
independently  as  an  introduction  to  the  practical  study  of  the 
minute  structure  of  plants,  as  well  as  those  who,  under  any 
circumstances,  wish  to  become  possessed  of  suitable  instruments 
for  microscopical  work,  the  following  lists,  selected  from  the  most 
recent  catalogues  of  opticians,  may  be  of  service.  The  first  list 
here  following  includes  microscopes,  with  a  price  (afSxed)  ranging 
up  to  about  £3. 

I. — English  and  American  Makers.  Some  of  these,  ench  es  the 
well-known  firms  of  Ross  &  Co.,  Powell  &  Lealand,  R.  &  J.  Beck, 
and  Zentmayer,  are  notably  dearer  than  many  other  English  and 
American,  and  than  most  foreign  makers,  and  therefore  probably 
for  student  purposes  are  less  available.  The  microscopes  built  on 
the  so-called  "  English  model "  are  more  massive  and  complicated 
in  their  construction  than  is  really  necessary  for  student  purposes, 
and  the  object  on  the  stage  is  usually  moved  abont  by  means  of  a 
mechanical  arrangement  of  screws,  where,  for  ordinary  purposes, 
the  fingers  had  far  better  be  used.  Further,  though  the  diameter 
of  the  body  of  the  English  microscope  may  be  an  advantage,  its 
length  is  doubtfully  so,  and  renders  the  erect  position  of  the 
instmnient  in  working,  which  is  for  most  puiposes  far  the  best 
(though  a  joint  permitting  inclination  is  highly  desirable),  almost 
impossible.  The  distance  of  the  stage  from  the  eye  i-enders 
delicate  working  with  the  fingers  a  matter  of  some  difficulty,  for 
it  is  notorions  that  the  nearer  the  fingers  are  to  the  eyes,  within 
certain  limits,  the  more  delicately  their  movements  can  be  con- 
trolled. These  makers  have,  however,  recognised  the  need  of 
instruments    of  niore  compact  form,   simpler  constractiou,   and 
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lower  piioe,  and,  like  the  cheaper  English  makers  hereafter  noted, 
have  brought  out  instruments  snited  for  general  use  under  the 
name  either  of  ''  Student's,"  "  Educational,"  or  "  Economic " 
microscopes.  Of  such  kind  we  will  specially  indicate  a  few.* 
These  will  be  exclusively  monocular ;  binocular  microscopes  are 
in  no  way  needed. 

BiOss  &  Co,  (112,  New  Bond  Street,  London)  produce  an 
instrument  of  high  quality  and  comparatively  low  price,  called 
the  "  Student's  Microscope,"  with  rotating  glass  stage,  coarse  and 
fine  adjustment  by  screws,  and  a  "  swinging  tail-piece  for  oblique 
illumination,"  originally  devised  by  Zentmayer,  of  Philadelphia, 
into  which  may  be  fixed  various  substage  appliances,  such  as 
condenser,  etc.  Price,  with  one  eye-piece  (A),  and  in  mahogauy 
case,  £10  10».  Another  cheaper  stand  is  the  "  Student's  Mono- 
cular Stand,  No.  1,"  with  coarse  adjustment  by  sliding  the  tnbe, 
and  fine  adjustment  by  a  screw,  circular  rotating  glass  stage,  and 
draw-tube  into  which  the  continental  eye-pieces  will  fit.  (This  is 
the  case  also  with  the  above  higher-priced  instrunient.)  With  one 
eye-piece  the  price  of  this  stand  is  £1  lOs. ;  a  diaphragm  to  the  stage 
costs  8s.,  and  a  case  for  the  m.icroscopo  11«.  extra,  Koss's  best 
objectives  are  too  expensive  for  ordinary  student  nse ;  he  offers 
some  for  the  above  mici-oscope — e.g.  1  inch  of  15°  angular  aperture 
at  £1  5s.,  and  i  of  75"  for  £2  2a. ;  or,  together  with  the  stand,  as 
above,  £8  16s.,  to  which  ought  to  be  added  a  second  eye-piece, 
which  costs  £1.  For  15s.  extra  this  microscope  can  he  obtained 
with  screw  coarse  adjustment.  Instead  of  these  objectives,  the 
stand  as  above  can  be  fitted  with  objectives  by  other  makers.f 

R.  &  J.  Beck  (68,  Cornhill,  London,  E.G.)  offer  a  useful  in- 
strument  under  the  name  of  the  "  Monocular  Economic  Micro- 
scope" (No.  24,  Catalogue  1885),  having  coarse  adjustment  by 
sliding  tube,  fine  do.  by  screw,  diuwtube,  1  eyepiece,  diaphragm, 

'  Foi  fuclber  informatioD  and  particulars  tlje  reader  is  referred  to  any  of 
the  curieat  works  on  the  microscope,  such  as  those  of  Dr.  Liouel  Beale,  Dt. 
Jftbez  Hogg,  and,  especially,  that  of  the  late  Dr.  Carpenter. 

t  It  is  here  perhaps  desirable  to  note  that  all  English  objectives  are  made 
with  the  SBme  size  sorew,  the  "  Uierosoopical  Society's  Surew,"  known  abroad 
us  tlie  "  Enfjlisli  Sorew,"  and  therefore  will  fit  any  English  iustrument.  Foreign 
objeGtives,  if  instructions  are  given  to  that  effect,  are  likewise  made  with  this 
^eiev,  usnolly  with  an  extra  charge  of  but  a  sbil-Uag  or  two,  sometimes  none. 
Foreign  microscopes  can  be  mode  with  the  same  gauge,  or  provided  with 
adaptors.  It  is  not  improbable,  and  greatly  desirable,  that  the  Eaglish,  or 
some  other  standard,  screw  may  become  universal,  as  the  confiiBioa  amongst 
foreign  makers  is  extreme.  At  the  same  time  all  of,  at  least,  the  smaller 
English  microscopes  would  be  better  made  for  eyepieces  of  aontineulal  size. 
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1  inch  and  J  incli  object  glasses,  in  mahogany  case,  for  £5  bs. 
Without  objectives,  but  with  2  eje-pieces,  £3  10a.  To  this  can 
be  fitted  an  achromatic  condenser  for  £1  2s.,  and  other  pieces  of 
apparatus.  Beck's  best  objectives  are  espensive;  but  he  con- 
structs good  student  glasses  at  a  lower  rate. 

Amongst  the  cheaper  optical  firms,  we  may  mention  the 
following : — 

C.  Baker  (244  &  245,  High  Holbom,  London,  W.O.)  publishes 
a  "  Medical  Microscope  "  on  the  old  continental  model  (of  Nachet 
A  Hartnack),  with  draw-tube,  coarse  adjustment  by  sliding 
tube,  fine  by  screw,  and  2  eye-pieces,  in  mahogany  case,  for  £3  3s. 
With  1  inch  and  ^  inch  object-glasses  and  condenser  for  opaque 
objects,  £6  7i. 

Chas.  Collins  (157,  Gt.  Portland  Street,  Oxford  Street,  Lon- 
don, W.)  offers  a  "Histological  Microscope,"  with  coarse  adjustment 
by  rftctwork  or  by  sliding  tube,  fine  screw  adjustment,  one  eye- 
piece, 1  inch  and  i  or  ^  objectives,  in  mahogany  case,  for  £5  10s. ; 
or  with  extra  eye-piece,  polariscope  and  stage  condenser,  for 
£7  10s.  Also  a  "  Student's  Microscope  "  of  rather  larger  si^e, 
with  similar  fittings,  at  an  extra  cost  of  £1  10s. 

H.  Crouch  {66,  Barbican,  London,  E.G.)  publishes  "The 
Histologist's  Microscope,"  coarse  adjustment  by  sliding  in  cloth- 
lined  tube,  fine  by  screw,  glass  stage  with  diaphragm,  1  inch  and 
J  or  .J  inch  objectives  and  2  eye-pieces,  in  mahogany  case,  for 
£5  5s.  A  Stand  Condenser  can  be  added  for  8«.  6d.,  and  an 
Achromatic  Condenser  for  £1  1*. 

T."  Daeton  &  Co.  (45,  St.  John's  Street,  West  Smithfield, 
London,  E.C.)  have  an  "Improved  Histological  Microscope,"  on 
much  the  same  model  as  that  of  Crouch,  with  di-aw-tube,  screw 
fine  adjustment,  2  eye-piecea,  ^  inch  and  ^  inch  objectives,  glass 
stage,  in  mahogany  cabinet,  for  £5  5s.  Other  apparatus  can  be 
fitted. 

Parkes  &  Son  (St.  Mary's  Bow,  Birmingham)  offer  a  "Portable 
Educational  Microscope,"  a  reliable  and  very  steady  instrament, 
with  coarse  adjustment  by  body  sliding  in  cloth-lined  tube,  fine  by 
screw,  draw-tube,  2  eye-pieces,  1  inch  objective,  separating  to  2 
inches,  J-  inch  ditto,  with  magnifying  power  ranging,  with  use  of 
di-aw-tube,  from  140  to  470  diameters ;  also  with  spot  lens,  con- 
denser on  jointed  arm  attached  to  the  stand,  diaphragm,  with  disc 
ir  "white-cloud  illamination,"  and  glass  stage,  in  mahogany 
case  with  leather  handle,  £6  10s,     If  with  a  inch  objective  instead 
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of  ^,  increasing  magnifying  power  to  560  diameters,  5«.  extra ;  or, 
instead,  with  ^  inch,  magnifying  up  to  700  diameters,  £7.  The 
object-glasses  are  provided  with  a  "patent  sliding  adaptor," 
obviating  the  necessity  for  screwing  in  exchanging  one  glass  foi 
another  while  at  -work.  A  screw  nozzle  can  also  be  had  to  adapt 
it  for  all  other  objectives  with  the  English  screw.  An  achromatic 
condenser  can  be  supplied  adapted  for  it. 

PiLLiBCHEB  (New  Bond  Street,  London),  nnder  the  name  of 
"  International  Microscope,"  offers  a  stand  on  the  old  continental 
model,  bnt  with  rackwork  coarse  adjnstment,  2  eye-pieces,  ^  and 
■f  inch  objectives,  giving,  with  draw-tnbe,  a  range  of  from  50  to 
420  diameters,  in  case,  for  £7  10s. 

Swift  &  Son  (81,  Tottenham  Court  Road),  under  the  name  of 
the  "  College  Microscope,  No.  1,"  offer  an  instrument  with  coarse 
adjuBtment  by  sliding  in  cloth-lined  tube,  fine  by  screw,  draw-tnbe 
(too  large  for  continental  eye-piecea),  diaphragm,  1  eye-pieco, 
1  inch  and  f  inch  objectives,  in  case,  for  £5  5s.  The  same  with 
screw  coarse  adjustment,  glass  stage,  and  jointed  mirror,  £1  10s. 
extra.     Achromatic  condenser,  12s.  to  £1  5s. 

Other  instruments  of  eqaal  excellence  with  the  above  are 
doubtless  manufactured ;  there  is  no  pretence  that  this  list  is 
complete,  nor  is  any  comparison  intended  to  be  institated. 

German  Mdkert.  Of  these,  the  following  two  makers  may  bf 
considered  typical ; — 

Cabl  Zeiss  (Jena).  Stand  VIIa,  with  3  eye-piecea,  Noa.  2,  4, 
and  5,  and  objectives  B  and  D,  price  £7  Vie.  This  stand  has  an 
unjointed  back,  sliding  tube  for  coarse  and  screw  for  fine  adjust- 
ment, and  swinging  mirror.  The  instrument  gives  a  m^nification 
from  95  to  580  diametera.     The  glasses  of  Zeiss  are  nnsurpassed. 

E.  Leitz  (Wetzlar).  A  atand  of  similar  model  to  that  of  Zeiss, 
with  eye-pieces  i,  and  iii,  and  objectives  3  and  7  (No.  17  in 
catalogue  of  1882),  and  magnifying  from  80  to  500  diameters, 
price  £5  10s.  The  objectives  of  Leitz  are  low  in  price,  bnt  remark^ 
ably  good. 

Other  makers  are  Seirert  (Wetzlar),  B^HtcHE  (Berlin),  Habt- 
SACK  (Potsdam),  Wihkel  (Gottingen),  PlSsl  &  Co.  (Vienna), 
Eeichebt  (Vienna)  ;  all  good. 

Ffendh  Makers.     The  two  following  are  probably  the  best ; — 

Bezu,  Hausser  &  Co.  (Paris,  Rue  Bonaparte,  1,  successors  to  the 
old  house  of  Prazaiowski,  formerly  Hartnack  A  Prazmowski), 
Stand  Vfll.,  eye-pieces  2  and  4,  objectives  4  and  8,  magnifying 


d.,  Google 


1MTBOD0CTION.  XTU 

50  to  600  diameters,  price  ®boat  £8.  Stand  VIIIa,  tLe  same  aa 
above,  but  with  joiated  back,  12a,  exti'a. 

C.  VeKiCK* (Paris,  Rue  de  la  Parcheminerie,  2).  StandVL.witb 
joioted  back;  with  diaphrag^n  disk  and  draw-tnbe,  2  eye-piecee, 
1  and  3,  2  objectiyes,  2  and  6,  magnifying  60  to  SOO  diameters, 
price  165  francs  (about  £6  12s,) ;  or  Stand  IV,,  with  whicli 
achromatic  condenser  and  polariscope  can  he  osed,  about  £2  more. 
These  two  instrnmeDts  are  now  very  widely  used  in  Prance. 

Most,  or  all,  of  the  above  makers,  English,  and  foi'ciga,  manafac- 
ture  microscope  stands  of  cheaper  qna]ity  than  the  above ;  it  moat, 
however,  be  borne  in  mind  that  accarate  observation  needs  an 
instrument  which  is  capable  of  it,  and  while  there  is,  and  ought 
to  be,  every  desire  to  keep  the  cost  within  a  reasonably  small  sum, 
true  economy  does  not  consist  in  purchasing  an  instmnjent  which 
may  be  a  constant  source  of  dissatisfaction,  and  may  have  to  be 
discarded  when  the  student  emerges  from  his  swaddling  clothes. 
The  stand  which  is  purchased  onght  to  be  adapted  to  the  receipt 
of  optical  apparatus  other  than  the  simple  eye-piece  and  objective. 
It  should  have  a  jointed  back,  and  he  thoroughly  steady  in  any 
position;  the  adjustment  should  be  easy  and  true,  and  if  the  body 
is  twisted,  any  object  observed  should  not  be  thrown  out  of  centre ; 
the  mirror  should  be  plane  and  concave,  and  should  have  a  long 
jointed  arm ;  and  the  stage  should  be  constructed  for  the  reception 
of  a  condenser.  Still  more  essential  is  it  that  the  special  optical 
part«,  the  eye-piecea  and  objectives,  should  be  good.  They  shonld 
let  through  the  largest  possible  amount  of  light  (the  diaphragm 
will  easily  control  its  quantity  if  needed),  and  there  should  be  a 
complete  absence  of  colour,  both  round  the  exterior  of  the  field 
of  view,  and  round  any  object,  or  particles  of  dust,  in  focus.  The 
field  should  be  flat,  so  that  a  small  object  moved  from  one  part 
to  another  alters  neither  in  distinctness,  form,  nor  size.  Lastly, 
the  objective  should  have  a  fair  working  distance  from  the  object, 
or  the  thickness  of  the  cover-glass,  to  be  hereafter  noted,  may 
become  a  matter  of  great  importance. 

In  all  these  points,  except  perhaps  accurate  centering,  the  stands 
of  English  makers  either  equal  or  excel,  price  for  price,  the  foreign 
stands ;  while,  on  the  contrary,  price  for  price,  the  eye-pieces  and 
objectives  of  continental  makers  usually  are  far  superior  to  those 
made  by  the  English  opticians,  a  superiority  probably  due  solely 
to  the  more  trained  skill  and  more  patient  accuracy  of  the  work- 

*  Sovi  StiaBuio. 
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Ail  of  the  work  in  this  book,  perhaps,  with  the  exception  of 
Chapter  XXI.,  can  be  performed  with  the  aid  of  objectives  up  to 
J ;  but  the  student  who  has  gained  some  experience  will  probably 
wish  to  add  to  hia  microscope  one  op  more  stronger  objectives,  in 
order  to  increase  the  range  of  his  work.  Increased  magnification 
can  be  obtained  by  increased  power  either  of  eye-piece  or  of 
object-glass.  All  the  objectives  we  have  heretofore  noted  are  what 
■are  called  "  dry  "  systema,  since  they  are  used  for  work  in  a  dry 
state,  and  a  layer  of  air  separates  the  objective  from  the  object. 
"  Dry  "  objectives  of  high  powei'  are  subject  to  great  disadvantage 
from  the  serious  loss  of  light  their  nse  involves.  The  light,  iu 
passing  from  the  mirror  to  the  objective,  passes  in  the  first  place 
through  air ;  then  the  object-slide,  next  the  object  and  the  medium 
iu  whi[  '1  the  object  is  mounted,  which  may  be  glycerine,  water, 
alcohol,  etc.,  or  even  air;  then  thrbujfh  the  cover-glass,  and  finally 
through  air  again.  In  every  one  oE  these  changes  light  is  lost. 
Owing  to  this  loss  of  light,  as  well  as  for  other  reasons,  it  is  uot 
wise  to  nse  high  power  eye-pieces  with  dry  objectives,  added  to 
which,  as  the  eye-piece  does  not  magnify  the  object,  but  only  the 
image  of  it  as  given  by  the  objective,  any  errors  of  this  latter  aiw 
likewise  magnified  by  the  eye-piece. 

To  obviate  in  part  this  loss  of  light,  what  are  called  "immersion" 
objectives  have  been  for  the  last  few  years  much  in  use.  In  these 
objectives  the  cover-glass  and  the  front  lens  of  the  object-glass  are 
connected  by  a  drop  of  liquid.  Such  objectives  are  of  two  kinds : 
"  water,"  in  which  that  is  the  liquid  used ;  and  "  homogeneous,"  in 
which  the  liquid  is  in  general  oil,  or  a  mixture  of  oils,  but  some- 
times is  glycerine,  etc.  The  homogeneous  immersion  objectives 
are  dearer,  less  readily  cleaned  after  use,  and  require  a  supply  of 
the  special  fluid  for  which  they  are  manufactured ;  but  on  the 
other  hand  they  transmit  more  light,  bear  a  higher  eye-piece,  and 
are  independent  in  their  working  of  the  thickness  of  the  cover- 
glass.  Dry  objectives,  and  water-immersions,  of  high  power  are 
naturally  dependent  on  the  thickness  of  the  cover-glass  which 
the  light-rays  pass  through  after  leaving  the  object.  To  provide 
for  this,  they  are  naually  manufactured  also  with  "  correcting 
screw,"  for  nse  according  to  the  thickness  of  the  cover-glass,  and 
at  a  somewhat  increased  price.  The  correcting  screw  accommodates 
the  objective  to  the  thickness  of  the  cover-glass  which  happens  to 
be  in  nse,  but  a  right  nse  of  it  requires  considerable  experience, 
nor  is  it  nsnally  needed  with  any  of  the  weaker  it 
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An  immereion  objective,  without  correcting  screw,  is  made  to  snit 
R  certain  medium  thickness  of  cover-glasa,  which  is  nanally  stated 
by  the  optician,  and  it  is  therefore  preferable  for  the  beginner,  if 
he  wants  snch  an  objective,  to  nae  with  it  cover-gtassea  of  this 
definite  thickness.*  On  the  correcting  screw,  where  the  ejstem 
has  it,  are  usually  divisions  and  figures,  which  allow  the  focussing 
for  any  given  thickness  of  cover-glass,  where  this  is  kaowu-t 
Bat  whoever  does  not  fear  the  expense  would  do  well  to  provide 
himself  at  once  with  a  system  for  "  homogeneons  immersion," 
They  are  all  constracted  without  correcting  screw,  since,  as  already 
indicated,  the  thickness  of  the  cover-glass,  of  course  within  the 
permissible  limits,  is  of  no  importance.  By  selecting  a  single  such 
objective,  say  .j^,  and  purcbasjog  a  series  of  eye-pieces,  one  can 
obtain  a  range  of  possible  magnification  such  as  could  only  be  given 
by  several  water-immersions,  or  dry  objectives.  A  system  for 
homogeneous  immersion,  provided  it  is  perfectly  constructed,  can 
therefore  replace  several  systems  of  another  kind.^ 

Even  in  the  smallest  stands  mentioned  above,  objectives  for 
homc^eneons  immersion  can  be  used  with  great  advantage  without 
any  special  apparatus  for  increasing  the  illumination;  but  the 
highest  capabilities  of  the  homogeneous  system  are  only  brought 
ont  by  the  use  of  a  sub-stage  achromatic  condenser.  Several  of 
the  stands  referred  to  above  have  snb- stage  condensers  constructed 
specially  for  them,  and  at  a  cost  which,  for  these  small  micro- 
scopes, would  rarely  exceed  £1  10«. 

Owing  to  the  prevalent  use  of  the  standard  screw  of  the  Royal 
Microscopical  Society  of  London,  objectives  of  one  maker  can  be 
attached  to  the  instrument  of  another.  Where  this  screw  is  not 
in  use  by  the  maker,  the  objective  can  have  an  adaptor  attached. 
A  point  of  some  importance  to  English  purchasers  of  continental 
objectives  is  this: — the  customary  length  of  the  tube  of  the  micro- 
scope on  the  Oontinent  is  150  to  170  millimetres  (6  to  ?  inches), 
and  the  objectives  are  constructed  to  suit  this  length.  If  the  tube 
exceeds  this  length,  it  should  be  stated  in  ordering  the  objectives, 
that  they  may  be  modified  to  suit.  This  is  especially  needed  in 
ordering  objectives  for  homogeneous  immersion.  All  the  micro- 
scope stands  mentioned  above  have  tubes  of  continental  length,  and 
most  of  continental  size. 

'  On  this  sabjeot  sea  a  nats  on  pags  xiii. 

+  Further  informiition  on  this  poiot  in  Chap.  Xxr.,  p.  224. 

I  Leitz,  of  Wetzlar,  produces  a  .^,  ol  remarkable  excellence,  for  £6  lOi. 
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To  give  a,  tLeoiy  of  the  formation  of  the  microscopic  image  doea 

not  come  within  the  range  of  our  purpose,  and  for  this  we  would 
refer  to  text-books  on  Physica  and  to  special  works  on  the  micro- 
scope. Onr  task,  on  the  other  hand,  will  consist  in  making  the 
beginner  acqaainted  with  the  most  important  facte  of  microscopical 
botany,  with  the  nee  of  the  microscope,  and  with  microscopical 
manipnlfttion.  This  instmetion  will  be  given  by  studies  upon  the 
objects  themselves. 

Besides  the  compound  microscope  to  which  we  have  hitherto 
exclusively  referred,  a  simple,  or  so-called  dissecting,  microscope 
is  also  more  or  less  necessary.  For  all  the  purposes  of  this  book, 
and,  indeed,  for  most  botanical  purposes,  whether  in  anatomy  or 
morphology,  a  dissecting  microscope  of  very  simple  construction 
is  all  that  is  needed.  Most  such  instrnmenta  are  unnecessarily 
complex  and  expensive.  Some,  for  instance,  are  constructed  to 
magnify  up  to  60,  80,  or  even  100  diameters  ;  if  such  magnifying 
power  ia  needed,  the  low  power  of  the  compound  microscope  will 
do  equally  well,  dissecting  being  done  upon  the  stage,  but  the 
arms  being  carefully  supported.  The  following  are  &  few  typical 
simple  microscopes,  any  one  of  which  would  suffice  : — 

Ross  &  Co.'s  "  Magnifier  Stand,"  with  two  lenses  of  j-incb  and 
J-inch  focus,  mt^^nifying  20  and  40  linear,  in  flat  morocco  case, 
£2  2>.* 

C.  Collins,  "Dissecting  Microscope,"  with  two  lenses,  to  bo  used 
together  or  separately,  15a.     (No  arm-rests.) 

Parkes  &  Son,  "  Simple  Microscope  "  (So.  5030),  on  jointed 
arm,  with  universal  movement,  15s.* 

Swift  &  Son,  "Simple  Dissecting  Microscope,"  with  three  lenses, 
18s,  • 

Zeiss,  "Small  Dissecting  Microscope"  (No.  117,  Catalogue  1885), 
18«.,  to  which  double  lenses,  magnifying  10, 15,  or  30  diameters,  at 
6e.  each  (Arm-rests). 

The  student  can  entirely  dispense  with  a  dissecting  microscope, 
and  dissect  upon  the  stage  of  his  larger  instrument;  but  as  the 
im^e  of  the  object  is  inverted,  and  any  movements  he  may  make 
are  likewise  reversed,  be  wonld  probably  be  at  first  somewhat 
perplexed.  Practice  will  overcome  this  difQculty ;  or  it  can  be 
cleared  away  at  once  by  purchasing  an  "  erector  "  for  insertion  in 

*  In  these  iaatrnments  the  object  ii 
it  place.  Thoae  not  marked  b 
ndicated.     See  also  p.  21  et  it 
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tlie  dr:iw-tDbe,  costing  nsually  10s.  or  10*.  Gd.  It  is  desirable 
likewise  to  have  a  low  power  objective,  e.g.,  2-Jnoh  or  Is-iach, 
thougU  dissection  with  the  1-inch  is  pei-fectly  simple.  The  lowest 
power  eye-piece  aliould  be  used.  Dissection  under  the  componnd 
microscope  has,  with  very  small  objects,  this  further  advantage, 
that  there  is  no  chance  of  losing  them  in  removing  from  one  in- 
strament  to  the  other.  To  this  may  be  added  perhaps  another 
advantage,  in  that  the  working-tabie  is  not  cambered  with  an 
extra  instrument.  For  dissecting  with  the  microscope  the  wrists 
omst  be  supported  on  a  level  with  the  object,  or  slightly  below  it. 
Some  dissecting  microscopes  have  arm-rests  for  this  purpose ; 
blocks  of  wood  of  proper  height,  or  even  stacks  of  books  will 
answer  admirably. 

A  very  necessary  adjanct  for  microscopical  work  is  a  good 
magnifying  lens,  as  it  is  often  desirable  first  of  all  to  study  an 
object  with  it,  afterwards  using  the  microscope.  The  lenses 
of  the  dissecting  microscope  can  be  used  as  hand  magnifiers,  and 
low  power  objectives  likewise  make  good  hand  lenses.  It  >s 
worth  while, however,  to  get  a  lens  magnifjing  about  six  diameters; 
very  convenient  are  the  triplets,  three  lenses  in  a  tortoise-shell 
case,  nsable  separately  or  together,  and  sold  at  a  price  of  about 
'i).  6d.  Remarkably  beautiful  are  the  Platyscopic  Lenses  of 
Browning  (63,  Strand,  London,  W.C.},  magnifying  15,  20,  or  30 
diameters,  price  18«.  Gd.  each,  and  the  Aplanatic  Lenses  of  Zeiss, 
magnifying  6,  10,  or  20  diameters,  price  12s.  or  15s.  each. 

As  it  is  desirable  that  the  student  should  from  the  first  begin  to 
draw  the  objects  he  examines  (practical  instruction  in  which  will 
be  found  on  p.  30  et  seq.),  it  is  desirable  that  he  should  have  some 
form  of  drawiiig  instrument  to  facilitate  his  work.  Drawing  can, 
it  is  true,  be  done  without  any  such  aid,  but  is  more  difiicnlt.  An 
apparatus  for  drawing  (camera  lucida)  is  constructed  either  for 
use  with  the  body  of  the  microscope  placed  horizontally,  or  placed 
vertically.  Practically  the  latter  is  much  preferable.  Every 
microscope  maker  has  appliances  of  his  cwn  make,  but  they  vary 
very  much  in  real  utility.  Probably  the  best  in  exist«nce  are  two 
made  by  Zeiss,  the  new  camera  lucida  of  Abbe,  price  SOs.,  or  the 
camera  lucida  witli  two  prisms,  price  21s.  The  former  is  specially 
constructed  for  the  eye-piece  No.  2  of  Zeiss,  and  is  mounted  upon 
it;  it  permits  drawing  upon  a  boi'iiontal  surface;  during  observa- 
tion it  is  removed.  The  second  is  slipped  by  means  of  a  ring  upon 
the  tube  or  the  eye-piece  (any  eye-piece  of  continental  size) ;  it 
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reqnu-08  an  iacliaed  surface  for  drawing,  but  has,  however,  the 
advantage  that  it  is  always  kept  npon  the  microscope,  and  daring 
the  observation  is  only  pushed  on  one  side.  Both  apparatus  re- 
quire drawing  desks.  Abbe's  camera  a  horizontal  one,  the  drawing 
prism  one  inclined  about  25°.  The  height  of  the  desk  should  in 
general  correspond  with  the  height  of  the  stage  of  the  microscope. 
In  specially  long  or  shortsighted  observers,  it  should  be  arranged 
according  to  the  distance  of  distinct  vision. 

Most  English  opticians  aupnly  drawing  prisms  of  one  kind  or 
another,  capable  of  satisfactory  work.  None,  however,  in  my 
experience,  equal  those  of  Zeiss. 

A  stage  micrometer  is  likewise  necessary.  This  can  be  obtained 
from  moat  opticians  at  a  cost  of  from  Sin.  to  10«.,  and  ruled  up  to 
reW  of  an  inch.  Zeiss  has  one  at  10s.  ruled  to  ijn  of  a  milli- 
metre, i.e.,  about  i-jBTi  *>^  *"  inch. 

Any  steady  table  can  be  used  by  the  microscopist  for  working, 
but  it  should  be  looked  t<j  that  it  is  not  too  small,  and  not  polished 
or  varnished  on  its  surface.  This  surface  is  best  painted  a  dull, 
dark  colour.  The  table  is  ao  placed  that  the  microscope  ia  about, 
or  somewhat  less  than,  two  yards  from  the  window,  i^  Any  position 
of  the  window  is  good  which  allows  a  free  outlook.  From  direct 
sunlight  we  protect  ourselves  by  a  white  roller  blind,  which  ia  beat 
made  of  tracing-liuen.  The  dazzling  white  light  which  we  obtain 
when  the  direct  sunlight  playa  upon  the  blind  givea  the  moat 
favourable  conditions  for  observation  with  high  powers. 

The  necessary  object  slides  and  cover-glasses  can  be  obtained  of 
most  opticians.  The  former  are  procurable  with  either  gronnd  or 
unground  edges  at  a  cost  of  about  4s,  fid.  or  3».  6d.  per  gross,  re- 
apectively.  They  are  three  inches  long  by  one  broad.  The  cover- 
glasses  for  ordinary  observation  should  be  about  J-inch  square ; 
but  the  observer  should  also  have  larger  ones  for  specially  large 
objects,  and  also  others  somewhat  smaller  (|-inch  sqnare)  which 
will  usually  suffice  for  permanent  preparations.  If  we  use  power- 
ful objectives,  it  will  be  best  to  obtain  these  cover-glasses  of  * 
definite  thickness.  For  the  beginner,  this  is  not  of  special  import- 
ance; but  the  more  advanced  student  will  find  it  advisable  to 
procure  both  object-slides  and  cover-glasses  of  a  definite  thick- 


*  Tbe  latter.  carioualyennOKh,  are  diflicult  toolitainia  Engl aad.  where,  never- 

theless,  they  are  mostly  made,  nnd  I  get  Ihem  from  P,  Stendec,  in  Leipzig, 

Eonigstra^sa  11.    Tliey  ore  18  mm.  square,  lettered  "  C,"  at  a  price  ol  2i,  0^ 

'  See  note  on  page  iiif. 
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Further  necessary  are  Bome  plane-  and  Bomo  hollow-ground 
razors ;  a  fine  and  a  coarse  pair  of  st-eel  forceps ;  a  finely  pointed 
]>air  of  dissecting  scissors,  for  which  fine  embtoidery  scissors  will 
serve;  a  pair  of  needle-holders,  somewhat  after  the  fashion  of 
crochet  needle-holders,  bnt  so  arranged  that  they  will  hold  the  finest 
needles  firmly ;  English  needles  from  No.  8  upwards,  for  these 
holders ;  Bome  scalpels,  some  fine  painting  brushes,  a  small  vice, 
such  as  used  by  watchmakers ;  some  pipettes,  glass  tabes,  and 
glass  rods;  watch  glasses  of  varions  sizes,  and  glass  disks  of  snit- 
abje  sizes  for  covering  them ;  low  glass  beli-jars  (receivers),  in 
order  to  be  able  to  fit  up  moist  chambers ;  ziuc  frames,  somewhat 
as  represented  in  half-size  in  Fig.  1,  on  which  to  place  the  object- 


fllides  under  the  bell-jars  ;•  two  bell-jars  of  snitable  height,  under 
which  to  be  able  to  place  respectively  the  compound  and  the 
simple  microscope  j  and  lastly,  elder-pith.  Tor  working,  a  tumbler 
of  clean  spring  water  is  needed  ;  a  saucer  is  useful  for  dirty  slides.' 

The  list  of  the  necessary  reagents  is  to  be  found  at  the  end 
of  this  book.  Whei*  the  word  "alcohol,"  or  "spirit"  and  not 
"  absolute  alcohol,"  is  used,  strong  methylated  spirits  can  always 
be  understood  and  is  far  cheaper. 

For  the  preservation  of  permanent  preparations,  many  kinds  of 
cabinets  and  cases  are  advertised.  It  is  very  important  to  re- 
pet  100.  Thej  are  in  square  boiea,  are  ver;  light,  and  come  readily  by  post. 
Smaller  sizes  can  be  obtained,  e.g.  15  mm.  aqnare,  lettered  "  C,"  at  2i.  per  100. 
These  are  all  0  10  mm.  thick.  At  0*16  mm.  (B)  thick  theee  aizea  are  29.  3d.  and 
I».  9ii.  respectively. 

*  Slides  CEiu  be  also  left  upon  theae  frajnes  to  dry.  after  permanent  moant- 
ing.  If  the  framea  cannot  be  kept  perfectly  steady,  the  Blides  may  wriggle  off 
in  time ;  to  prevent  thin,  sheets  of  paper  i  inch  wider  than  the  frame  can  be 
bent  over  them  on  enoh  stage,  and  the  slides  laid  across  these.  Sy  usinft 
blotting  paper  for  these  sheets,  keeping  wet,  the  bell-jar  can  be  Donverted  intc 
o.  convenient  moist  chamber  for  a  number  of  slide  cnltures  at  room  temperature. 
"  See  note  on  page  iiiv. 
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member  that  the  objects  should  be  kopt  in  a  horizontal  position, 

and  should  be  capable  of  ready  supervision. 


NOTES  TO  THE  INTBODDCTION. 

>  From  the  Bpeeiat  point  ot  view  of  botanUta :  Naegeli  and  Sohwendener, 
"D«B  Mikroakop,"  2  Edit.,  1877-,  Dippal,  "Das  Miktoekop,"  3  Edit.,  1882;  and 
'-  Grundziige  der  allgemeinen  Mikioekopie,"  1885 ;  Behreus,  "  Hilebuch  im 
BotaniBoheii  Laboratorium,"  1883. 

[Carpenter,  '■  The  Microscope,"  6  Edit.,  1681.] 


In  changing  the  objective  in  use  from  high  to  low  power,  or 
vice  rersii,  much  time  and  incom-enience  is  spared  by  the  use  of  a 
"  Nose-piece."  TJiis  is  screwed  into  the  eud  of  the  microscope- 
tnbe,  where  the  objective  is  usually  placed,  and  ia  provided  with 
apertures  into  which  two  or  more  objectives  can  be  screwed ;  and, 
by  rotating  these  on  a  centre,  any  one  can  be  brought  into  a  line 
with  the  tube  of  the  microscope.  The  best  and  cheapest  are  those 
of  Zeiss,  for  2  objectives,  20s. ;  for  3  objectives,  27«.  Both  of 
these  are  uonstrncted  with  the  "  English  screw." 


[Note  to  page  iiii.] 

*  In  Qsiuf;  the  microscope  nith   light  taken  from  a  window,  I^ht  oominjt 

from  anj'  other  direction  should  be  avoided.     If  a  white  roller  blind  is  used  to 

paas  direct  sunlight  tbcougb,  the  eyes  sbonld  be  protected  in  some  way  from 

the  direct  action  ot  the  light. 

[lioU  to  page  iiiii. ) 
'  For  transferriog  seotiooa  from  fluid  to  a  slide  tbe  camel-hair  brushes  nan 
be  used  as  described  on  page  17  ;  or  a  simple  "  section  lilter  "  can  be  made  from 
a  straight  piece  ol  stoat  copper  wire  4  or  5  inches  long,  bj  beating  out  tliia 
about  half  an  inch  or  so  of  one  end,  cutting  the  edge  smooth  with  scissors, 
and  then  bending  the  wire  at  about  J  inoh  above  the  broadened  part  to  an  angle 
of  about  135°. 
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USE  OF  THE  MICROSCOPE.    BTRUCTTJBB  OP  BTAECH. 

MaTXKUL  'WAKTEI^ 

Potato,  freah. 
Potato  atarch.  air-dry. 
Bean  meal,  air- dry. 

East  Indian  Arrowroot  (Owciima  leaeorrhisa). 
West  Indian  Arrowroot  {ilarania). 
Grains  of  Wheat. 
Grains  of  Oat. 

Stem  of  the  Sun  Sparge  {Euphorlia  liMoitopia)  and  of  E.  (ytettJww, 
fresh.    (Other  species  can  replace  these  if  necessary.) 

We  will  first  obtain  information  about  the  separate  parts  of  the 
compound  microscope  (Fig.  2,  p.  2),  and  for  this  purpose  we  select 
Stand  No.  VII.  A  of  tbe  manufacture  of  Zeiss  of  Jena.*  Upon 
this  stand  we  distinguish  the  horse-shoe  foot  (fs),  the  ^pporting 
pillar  («0i  '■^c  stage  (pi),  the  body  or  guiding  sheath  (fh),  the 
tube  (t),  the  mirror  («),  and  the  micrometer  screw  (in). 

The  mirror-frame  («)  combines  two  miiTors,  that  on  the  one  side 
plane,  on  the  other  side  concave.  The  former  we  use  with  weak 
the  latter  with  strong  enlai^ement,  or  magnification.  The  mirror- 
arm  is  usually  hinged,  and  sometimes  jointed,  so  that  it  can  be 
placed  obliquely  below  the  stage  for  oblique  illumination.  The 
beginner  should  always  see  that  the  mirror  is  directly  below  the 
aperture  in  the  stage.  The  stage  is  pierced  in  its  centre  by  a 
circular  aperture,  which  is  intended  to  give  passage  to  the  light 
reflected  from  the  mirror.  Under  this  opening  are  found  the 
cylinder  diaphragms.      They   are  fixed  in   a  carrier,  which  can 

'  I  retain  this,  vith  modifications,  as  it  mnttere  little  on  irhat  inatrnnieiit 
{provided  it  U  ol  simple  constnictiQii]  the  mode  of  use  is  described.  As  tLia 
partinalar  instrameat  is  not,  and  is  not  Ukel;  to  be,  largel;  used  in  England,  I 
have  added  some  snpplementary  psragrnpbi  on  tbe  students'  microscopoa  morr 
aommonlj  in  use  hue,     [Ed.] 
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be  withdrawn  laterally  from  the  stage,  and  ia  which  can  be  set  dia- 
phr^ma  of  Tarious  widths,  provided  with  the  instrument.  With 
the  help  of  these  diaphragms  we  regulate  the  illamination  accord- 
ing to  necessity,  a  diaphragm  with  a  small  apertnre  allowing  littlu 


Pra.  S.— Stsna  No.  Til.  A  oE  Zeiss,  witb  prli>m  tor  drovins,  il,  one-third  actual  ■<ia ;  fi, 
luot;  •!',  loirer,  tl",  nppnpanof  tbs  pill&r;  ot,  eta^i  cd,  crlinder-diaphnigiiis ;  fd,  clips; 
J;  mlrmr ;  tit,  micromolei-  tunw  tor  flna  &djc«tment  j  /X»  guldiag  sheath  for  t,  tubo  i  ob, 
objoctive;  oc,  e^plece. 

light  to  pass  throagh,  and  so  on  in  proportion  to  the  size  of  the 
opening.  Some  of  the  stands  of  the  same  maker  have,  in  place  of 
iho  cylinder-diaphn^ms,  an  arched  eccentrically  fixed  diaphragm 
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disk,  which  is  rotated  in  order  to  bring  diifereitt  sized  apertures 
into  the  optical  axis  of  the  microscope.  This  is  the  kind  of 
diaphragm- wheel  which  is  provided  with  most  of  the  Btndents' 
microscopes  of  English  makers.  Thongh  not  perhaps  quite  so 
good,  it  is  more  convenient  in  use.  Best  -of  all  is  what  is  called 
an  "Iris  diaphragm,"  with  which,  by  simply  moving  a  lever,  the 
size  of  the  aperture  can  be  r^nlated  at  pleasure,  and  with  the 
utmost  nicety.  Upon  the  sta;;e  are  clips  (fd),  which  serve  to 
keep  the  object  in  position  during  examination,  and  are  parti- 
cularly necessary  where  the  instrument  is  used  in  the  sloping 
position.  K  it  is  possible  to  do  so,  we  will  first  remove  these. 
The  tube  (0  is  movable  iu  its  gniding-sheath  (fh)  which  is  often 
lined  with  cloth  to  make  the  movement  easier.  In  larger  stands 
the  sheath  is  wanting,  and  the  tube  is  raised  and  lowered  by  rack 
and  pinion  movement.  Most  of  the  better  makes  of  English 
student  microscopes  hare  this  rack  and  pinion  coarse  adjnstment, 
and,  for  a  small  snro,  moat  of  those  which  are  without  it  can  be 
provided  with  it.  It  is,  however,  a  doubtful  advantage  for  the 
learner.  The  chances  of  accident  with  its  nee  are  perhaps  numeri- 
cally fewer,  but  when  they  do  occur  they  are  more  serious.  We 
withdraw  the  tube  from  the  sbeath  and  screw  info  its  lower  end 
the  weak  objective,  about  B  of  Zeiss,  3  of  Leitz,  or  half-inch  of 
English  make.  This  will  vary  with  the  microscope.  As  seen  in 
the  Introduction,  the  English  mici'OBCopes  are  usually  supplied 
with  1  inch  and  }  inch  objectives.  A  mnch  preferable  com- 
bination would  be  a  j  and  j-  inch.  In  purchasing  it  would  be 
easy  to  arrange  this.  In  microscopes  provided  with  rock  and 
pinion  movement,  the  tube  is  not  withdrawn,  bnt  raised  suffi- 
ciently above  the  stt^  to  allow  the  objective  to  be  screwed  in. 
The  relative  power  of  the  objectives  can  always  be  told  by  the 
comparative  sizes  of  the  front  lenses  ;  the  weakest  power  has  the 
latest  lens.  We  now  replace  the  tube  in  the  sheath,  and  ap- 
proach the  objective  so  near  the  stage  that  it  is  only  removed 
from  it  by  somewhere  over  a  quarter  of  an  inch.  In  the  upper  end 
of  the  tube  we  place  the  eye-piece.  No.  2,  or  whatever  oar  lowest 
power  eye-piece  may  be.  This  likewise  may  be  judged  by  the  sice 
of  the  glass.  English  eye-pieces  are  usually  lettered.  It  is  on  the 
whole  desirable  to  use  for  general  purposes  the  lower  (weaker)  eye- 
piece of  the  instrument  of  any  maker.  The  drawing  prism  found 
over  the  eye-piece  in  the  figure  we  pass  over  for  the  present.  We 
place  oar  instrument  opposite  to  a  window,  and  at  a  distance  of 
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about,  or  Gomewhat  tmder,  a  cnaple  of  yards  fi-om  it.  Wliile  ve 
uow  look  down  thtvugh  the  eye-piece,  we  change  with  the  fingers 
the  inclination  of  the  mirror  nntil  the  field  of  view  of  the  micro- 
scope appears  to  na  bright  and  equally  illuminated.  In  this  we 
have  to  take  care  that  the  mirror  is  not  (as,  for  example,  it  looks  in 
the  ^are)  pushed  forwards  or  laterally  oat  of  the  axis  of  the 
iastrnment,  as  we  propose  to  observe  by  direct  (not  oblique)  illu- 
mination. On  the  other  hand,  in  this  stand  and  in  most  English 
stands,  we  can,  according  as  reqnired  by  the  strength  of  the  light, 
elide  the  mirror  on  its  bearer  upwards  or  downwards  in  the 
optical  axis  of  the  instvument,  thereby  approaching  it  more  nearly 
to  the  stage,  or  removing  it  therefrom.  The  majority  of  English 
microscopes,  instead  of  being  supported  on  a  single  pillar  (sV)  as 
in  Fig.  2,  have  the  body  swung  between  two  uprights,  between 
which  it  is  binged,  ranch  as  in  Fig.  81,  in  Chap.  XXI.  hereafter. 
This  gives  greater  possibilities  from  the  point  of  view  of  illumina- 
tion, has  other  advantages,  and  in  the  large  "  English  stands," 
properly  so  called,  is  a  necessity  for  observation.  The  learner  is, 
however,  strongly  urged  to  learn  to  work  with  the  instrument 
erect.  The  clips,  then,  are  unnecessary  for  ordinary  work.  With 
a  sloping  stage,  some  appliance  for  keeping  the  object-slide  in 
position  is  a  necessity. 

An  object-slide  ts  now  wiped  clean,  and  upon  it,  by  means  of  a 
glass  rod,  a  drop  of  spring  water  is  placed. 

We  will  now  commence  with  the  investigation  of  a  potato 
tnber.  We  cut  this  throngh  with  a  pocket  knife,  and  transfer  a 
little  of  the  sap  which  exudes  from  the  cnt  surface  into  the  drop 
of  water  by  means  of  the  same  knife.  We  then  cover  the  drop 
with  a  cover-glass.  This  must  also  have  been  previously  cleaned 
with  special  care.  It  is  done  best  flat  between  the  fingers  with 
pieces  of  old  linen.*  The  cover-glass  must  be  laid  on  as  care- 
fully as  possible,  so  as  to  exclude  air  from  underneath  it.  For 
laying  on,  it  can  be  held  between  the  index-finger  above,  and  a 

•  Thia  operation  is  not  so  simple  na  it  aeems.  If  the  ooTer-glasses  are  thin 
thej  are  very  rendily  broken.  The  method  I  buve  found  least  deatnictive  for 
learnera  is  to  bold  the  cover-glaaa  by  its  edges  between  thumb  add  index-finger 
of  one  hand.  Saving  sligbtty  damped  tbe  same  fingers  of  the  other  band 
make  a  fold  in  a  piece  of  silk,  with  the  damp  fingers  flat  above  and  below  it, 
slip  the  glass  horizontally  between,  and  genlly  rob  the  silk-covered  fingers  lo 
and  fio  over  its  two  suifacFS.  The  ailk  will  ding  to  the  slightly  damp  Bngera, 
and  the  piocess  becomes  easy.  Some  use  little  pads  between  which  the  cover- 
glass  is  placed,  and  the  pads  then  moved  about  over  ita  stu-faces.     [Ev.] 
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needle  nnderneath  it.  By  gradattllj  withdrawing  the  lattet  wheu 
the  cover  touches  the  drop  of  water,  it  is  lowered  into  its  place. 
If  the  drop  is  of  proper  size,  no  water  will  flow  out  from  the  side 
of  the  corer-glass.  The  size  of  the  drop  has  nsnally  to  be  calcu- 
lated from  the  point  of  view  of  (1)  the  size  of  the  cover-glass,  and 
(2)  the  thickness  of  the  preparation  to  be  covered.  Here  the 
latter  does  not  come  into  the  calculation.  If  water  does  flow  ont 
it  can  be  removed  with  blotting-paper,  or  it  is  better  to  make  a 
second  preparation,  as  in  this  case  most  of  the  grains  which  we 
wish  to  observe  will  be  sucked  ont  by  the  blotting-paper. 

We  now  place  onr  preparation  on  the  stage  of  the  microscope, 
so  that  the  object  lies  over  the  centre  of  the  stage- aperture.  In 
order  to  focus  correctly,  we  first  slide  the  tube,  carefully  con- 
trolling its  motion,  so  far  downwards  that  it  almost  touches  the 
object.  Then,  while  at  the  same  time  looking  throagh  the  eye- 
piece, we  move  the  tube  as  slowly  as  possible  upwards.  This 
movement  is  best  combined  with  a  twisting  of  the  tube  inside 
the  body-sheath.  Soon  the  moment  arrives  when  the  previously 
invisible  object  begins  to  show  itself  in  the  form  of  small  grtuns. 
If,  on  the  other  hand,  we  find  we  have  removed  the  objective 
(object-glass)  more  than  about  |-inch  from  the  object-slide,  with- 
out having  caught  sight  of  the  grains,  these  either  do  not  lie  in 
the  field  of  view  of  the  mieroseope,  or  we  have  raised  the  tube 
too  quickly,  and  so  overlooked  the  rapidly  appearing  and  eqaally 
rapidly  disappearing  object.  We  must  not  then  attempt  by 
slidit^  the  tube  downwards  to  find  the  object,  as  thereby  we 
should  run  into  the  danger  of  breaking  the  cover-glass,  injuring 
the  object,  and  destroying  the  objective  (object-glass) ;  instead, 
we  a  second  time  slide  the  carefully  controlled  tube  so  far  down- 
wards that  it  almost  touches  the  object-slide,  and  begin  anew  to. 
raise  the  tube,  more  slowly  than  before,  and  at  the  same  time 
looking  through  the  eye-piece.  If  this  also  should  not  realize 
our  purpose,  it  is  to  be  assumed  tha^  the  object  does  not  lie  ia 
the  field  of  view,  and  must  be  looked  for  again  after  altering  tho 
position  of  the  object-slide.  After  a  short  time  it  will  happen- 
in  all  cases  that  the  grains  appear  in  the  field  of  view,  and  we 
then  discontinno  slidii^  the  tnbe,  i.e.,  what  we  call  the  coarse 
adjustment,  and  attain  the  fine  adjustment  which  now  is  wanted 
by  the  aid  of  the  micrometer-screw  (m.  Fig.  2).  This  we  turn  in 
one  direction,  or,  in  case  the  object  thereby  is  made  more  indis- 
tinct, in  the  opposite  direction.     The  adjustment  (focaBling)  is 
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perfect  whea  the  fij^ure  appears  as  sharp  as  possible.  la  out 
esampte  of  a  microscope  stand  (Fig.  2),  the  micrometer-screw  is 
at  the  upper  end  of  the  pillar  (il")  ;  bnt  it  can  be  varionsly  placed 
according  to  the  make  of  the  instrument.  In  instruments  of 
Ifti^er  size,  as  in  many  English  students'  instruments,  the  coarse 
adjustment  is  not  effected  by  hand  and  sliding'  tube,  bnt  by 
rack  work  and  pinion. 

After  we  have  determined  by  slight  magnification  the  existence 
of  small  grains  in  the  field  of  view  of  the  microscope,  and  have 
noted,  for  subsequent  use,  the  distance  of  tbis  weak  objective 
from  the  object,  i.e.,  its  focdl  or  working  distance,  we  leave  the 
object-slide  unmoved  upon  the  stage,  but  withdraw  the  tube  from 
its  guiding  sheath,  unscrew  the  weak  objective  and  screw  in  a 
stronger  one,  in  no  case  as  yet  however  an  immersion  objective, 
bnt  rather  about  D  of  Zuisa,  No.  7  of  Leiti,  or  a  J-  or  ^  inch  oi 
the  English  makers.  W^e  then  replace  the  tube  in  its  sheath, 
and  push  it  down  so  far  that  once  more  the  objective  almost 
touches  the  cover  glass.  We  again  endeavour  to  catch  sight  of 
the  object  by  raising  the  tube  in  its  sheath.  With  a  stronger 
magnification  it  must  however  be  withdrawn  far  more  slowly 
than  with  the  weaker.  As  the  preparation  has  lain  unmoved 
npon  the  stage  we  know  it  to  be  certain  that  the  object  will  be 
found  .in  the  field  of  view  of  the  microscope.  When  the  grains 
have  become  visible  with  the  coarse  adjustment,  we  complete  the 
fine  focussing  (adjustment)  with  the  micrometer  screw.  We 
shall  find  that  the  working  or  focal  distance  of  the  stronger  objec- 
tive is  conaideraUy  less  than  that  of  the  weaker  one,  and  always 
less  in  proportion  as  the  objective  is  stronger. 

We  now  begin  the  actual  observation.  The  learner  should 
accustom  himself,  so  far  as  his  two  eyes  are  equally  good,  to 
observe  with  his  left  eye.  The  right  eye  is  thus  kept  free  and 
can  be  used  in  drawing  while  he  continues  to  observe  with  the 
left  eye.  Many  of  the  drawing  prisms  and  appliances  for  the 
microscope  are  moreover  constmcted  for  the  left  eye  (as  shown 
in  Fig.  2)  ;  and  those  who  work  with  the  right  eye  should  inti- 
mate it  on  ordering  such  drawing  prisms.  The  learner  should 
also  keep  open  the  eye  which  is  not  in  use.  At  first  the  suironnd- 
ing  objects  which  are  figured  on  the  retina  of  the  eye  will  disturb 
him  ;  but  he  will  soon  overconie  the  difficulty  of  concentrating  all 
his  attention  on  the  eye  in  observation,  and  entirely  saspending 
the  activity  of  the  othei-. 
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We  readily  recognise  that  the  colourless  bodies  which  oocupj 
the  field  of  view  of  the  microscope  are  solid  and  show  lamination. 
They  are  starch  grainB,  We  slowly  move  tho  object-slide  here 
and  there,  in  order  to  find  a  place  where  the  grains  do  not  lie 
too  closely,  becaase  it  is  easier  here  to  fix  attention  on  a  single 
grain.  We  select  for  persevering  observation  a  grain  which 
shows  the  lamination  with  special  clearness.  As  the  movement  of 
the  object-slide  nnder  the  microscope  appears  to  be  reversed,  we 
shall  at  first  find  some  difficulty  when  we  wish  to  place  a  selected 
grain  in  the  centre  of  the  field  of  view ;  and  we  shall  have  as 
quiclcly  as  possible  to  accostom  ourselves  to  safiGciently  control 
the  slight  movements  npon  which  it  depends.  IE  we  have  found  a 
single  Specially  favourable  grain,  we  minify  it  still  more  by  now 
removing  the  weak  eye-piece  and  replacing  it  by  a  stronger.  Hold 
the  tube  of  the  microscope  firmly  while  you  do  this,  or  the  focussing 
may  be  altered,  and  the  objective  perhaps  run  down  on  the  cover- 
glass.  With  perfect  objectives  the  figure  always  remains  good, 
thoagh  in  all  cases  the  light  diminishes.  We  endeavour  by  im- 
proving the  positiou  of  the  mirror  as  far  as  possible  to  obviate 

Now  and  then,  after  focussing  the  preparation,  or  after  moving 
it,  it  will  happen  that  the  figure  has  lost  in  clearness.  In  all 
probability  this  is  because  fiuid  from  the  preparation  has  got 
upoB  the  nnder  lens  of  the  objective.  This  will  happen  especially 
easily  when  too  large  a  quantity  of  fluid  has  been  used,  and  has 
run  out  from  nnder  the  edge  of  the  cover-glass.  We  must  then 
withdraw  the  tube  from  its  sheath,  and  after  having  proved  the 
supposition,  wipe  the  front  lens  of  the  objective  with  a  clean  and 
often-washed  piece  of  linen  rag,  or,  still  better,  rub  it  with  a 
freshly  broken  surface  of  a  piece  of  elder  pith. 

The  starch  grains  of  the  potato  tuber  attain  a  comparatively 
considerable  size.  They  are  excentrically  constructed,  as  their 
organic  middle  point  (c,  in  A,  Fig,  3)  is  not  the  geometrical 
centre,  but  lies  considerably  nearer  to  one  end.  The  layers 
appear  variously  sharp  (A)  ;  between  those  more  strongly  marked 
can  he  seen  others  more  weakly  marked.  Towards  the  surface 
of  the  grain  the  layering  becomes  indistinct.  For  optical  reasons, 
and  on  account  of  its  smaller  density,  the  organic  centre,  or 
nucleus,  appears  rosy  coloured.  It  shows  up  most  clearly  when 
it  is  hollowed.  It  then  shows  as  a  rosy  point,  as  a  line,  cross, 
or  star  with  dark  outlines.      The  layers  immediately  surmmi-J- 
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ing  the  nacleos  are  developed  concentrically,  soon  liowever  the 
(txcentt-icity  has  infiaence,  in  that  the  layers  dimnueh  in  thiok- 
neas  towards  one  end  of  the  grain,  so  as  partly  in  this  direction 
to  mn  oat  into  a  wedge.     At  this  more  weakly  developed  end 
of  the  grain,   which    we  can  distingaish   as  the   anterior   end, 
the  layering,  on  account  of  the  small  distance  from  the  surface, 
is  indistinct.     The  individnal  grains  vary  considerahly  in  size, 
and  moreover  they  deviate  from  one  another  in  onter  form  to  a 
not  unimportant  extent,    and   show  the   layering  with   varions 
sharpness.     Between  the  starch  grains  in  most'  preparations  will 
be  foand  ronnded  bodies,  which  with  median  focussing  show  a 
small,  ronnd,  bright  centre  and  a  broad,  dark  mfvrgin ;  this  last 
is  black  at  its  inner  edge, 
dark  grey  outwardly,  and 
interrupted     by    a    clear 
ring.       These     strnctttres 
are    air-hnhbles    enclosed 
in  tbe  flnid  under  observa- 
tion.      Their   appearance 
under  the  microscope  is  so 
characteristic    that,    once 
known,  they  can  scarcely 
ever     be     confused    with 

-  other  appearances.      The 

I*'  I  rays  of  light  which  pass 

-     -     ■  out  of  the  denser  medium 

(        ■f''' '  '^       into   the    air-bubble    are, 

~"^    ~  with  the  exception  of  the 

IS  fKm  t,  poiato  iiiib«r,      central   Ones,  so  strongly 

J  aimpLB  ETBin,  il  bait  componud  Krsin.  Cftnil  D  r       .     >    .>     .    .i  . 

entirely  «>mpo,.nd  g«L,ns  .the  nuotea,  (x  HO).  refracted,  that  they  cannot 
get  into  the  objective,  and 
hence  the  broad  dark  edge  and  the  comparatively  small  clear 
middle.  If,  by  turning  the  micrometer  screw,  the  tube  is  lowered, 
so  that  the  under  part  of  the  air-bnbble  comes  into  view,  the  sharp- 
neaa  and  brightness  of  the  middle  disk  increases ;  it  diminishes  at 
the  same  time  in  size,  while  the  breadth  of  the  surrounding  dark 
ring  increases.  If  the  screw  is  moved  in  the  opposite  direction,  in 
order  to  focus  upon  the  upper  part  of  the  air-bubble,  the  middle 
disk  enlat^es,  but  losing  somewhat  in  brightness  ;  a  grey  ring  of 
differing  brightness  arises  aronnd  it;  the  surrounding  edge  be- 


■&  simnltaneoTisly  narrower. 
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If  the  observer  has  selected  a  beaatifnlly  laminated  atarch 
grain,  it  shoald  now  be  drawn.  The  greatest  possible  stress  is 
decidedly  laid  upon  drawing  in  microscopical  observation.  With 
the  help  of  it  we  in  general  first  learn  to  see  qaickly.  Then  the 
pecniiarities  of  the  figure  first  become  present  to  the  mind  of  the 
observer,  when  he  concentrates  his  attention  npon  it  for  the  pur- 
pose of  reproduction.  Drawing  therefore  protects  from  transient 
superficial  observation,  enforces  a  penetrating,  thorough  study  of 
the  figure,  and  sharpens  more  than  any  other  means  onr  power 
of  observation.  The  learner  should  first  endeavour  to  represent 
the  object  by  free-hand  drawing.  So  much  drawing  ability  aa 
13  necessary  for  this  he  may  perhaps  possess,  bat  can  however 
readily  obtain  by  practice  the  necessary  facility.  The  object 
should  not  be  drawn  too  small,  even  if  the  observer  believes  he 
sees  it  very  small.  A  correct  opinion  on  the  size  of  the  object 
in  the  field  of  view  of  the  microscope  is  only  obtained  after  long 
practice,  and  it  is  better  at  first  that  the  learner  should  draw  the 
object  too  large,  in  order  conveniently  to  include  in  his  flgnre  all 
the  details  of  the  object.  No  less  important  is  it  to  provide  the 
individual  parts  of  the  figure  with  suitable  distinguishing  names 
("  terms  "),  and  to  note  the  name  of  the  plant,  the  object,  and  the 
most  important  results  of  the  observation. 

The  starch-grains  of  the  potato  are  somewhat  flattened,  as  can 
be  easily  demonstrated  if,  during  the  observation,  yon  push  care- 
fully mth  a  needle  against  the  edge  of  the  cover-glass,  and  so 
set  the  grains  rolling.  Upon  the  smallest  grains  the  layering  is 
usually  bnt  little  recognisable. 

Besides  the  simple  grains  (as  in  A,  Fig.  3)  'will  be  found  also. 
after  some  search,  semi-compoand  grains  (as  in  B).  These  grains 
enclose  two,  rarely  more,  organic  nuclei  (or  centres).  Each 
nucleus  is  snrronnded  by  a  number  of  its  own  layers,  both  to- 
gether by  a  smaller  or  larger  number  of  common  layers.  Not 
infrequently  the  two  inner  complexes  of  layers  are  separated  by 
a  cleft,  eitending  to  the  common  layers  (B).  The  number  of 
layers  peculiar  to  the  individual  grains,  as  well  as  of  those 
common,  varies  according  to  circumstances. 

The  completely  compound  grain,  which  is  found  far  more 
commonly  than  those  half- compound,  consists  of  two  (0),  less 
frequently  of  three  (i*),  rarely  of  more  than  three  component 
grains.  As  a  distinction  from  the  semi-compoand  grains,  the 
.  layers   are  wanting  in  those  quite  compound.     In  the 
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lioe  connecting  the  nuclei  of  tbe  component  grains  tbe  lajors  ore 
most  strongly  developed.  Tbe  component  grains  therefore  tnra 
their  posterior  ends  towards  one  another,  their  anterior  ends 
away  from  one  another.  The  line  of  separation  between  two 
component  grains  often  broadens  internally  into  a  cleft. 

For  comparison  we  now  put  np  a  preparation  of  potato  starch 
which  has  been  preserveil  in  an  air-dry  state.  We  proceed  in 
this  qnite  similarly  to  the  preparation  of  the  first  object,  and 
transfer  a  trace  of  the  meal  into  a  drop  of  water.  As  the  object- 
slides  may  differ  in  thickness,  it  is  advisable  to  raise  the  tabe  of 
tbe  microscope  prior  to  placing  under  it  the  new  preparation. 
This  ia   not  of  conrse  necessary  in  nsing  the  low  powers. 

The  first  preparation,  as  it  will  bo  again  required  later,  we 
place  in  a  large  moist  chamber.  This  moist  chamber  consists  of 
a  deep  plate  and  a  glass  bell-shade  with  knob.  On  the  plate 
stands  the  zinc  frame,  which  we  discnssed  and  figured  in  the 
Introdnction  (Fig.  1)  ;  so  mnch  water  is  also  ponred  into  ithe 
plate  till  the  bell-shade  has  its  lower  edge  quite  imniersed  in  it. 
The  preparation  is  laid  upon  tbe  frame.  But  first  we  assnre  our- 
selves that  the  drop  of  water  under  the  cover-glass  of  the  prepara- 
tion is  not  already  partially  dry.  If  this  should  have  happened, 
we  place  at  the  edge  of  the  cover-glass,  so  that  it  shall  be  sucked 
in,  a  new  drop  of  water.  We  also  mark  the  object-slide,  and  best 
with  a  coloured  ci-ayon  wliich  writes  directly  on  the  glass. 

Upon  exardination  of  the  new  prepai'ation  we  shall  find  that 
the  lamination  of  the  air-dry  stai-ch  is  at  least  as  sharp  as  that 
of  the  fresh.  This  preparation  also  we  place  in  the  moist  chamber. 
We  fnrther  make  a  preparation  of  air-dry  bean  flonr  {Fkcueolus 
fulgarii).  The  grains  (Pig.  4),  examined  in  water,  appear 
circular  or  oval ;  they  arc  a.  little 
flattened  ;  a  certain  mediuni  size 
predominates.  The  lamination 
is  very  clear  and  very  uniform ; 
tbe  lamellte  show  almost  eqnal 
thickness.  The  structure  is  con- 
centric. Tbe  nucleus  of  grains 
examined  in  water  is  hollowed, 
more  ieodiametric  in  the  rounded,  elongated  in  the  oval  forms. 
From  the  nnclear  hollow  extend  radial  clefts,  which  cut  through 
the  layers  at  right  angles,  and,  thinning  off,  reach  almost  to  the 
periphery  of  the  grain. 
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We  lay  a  trace  of  tliis  bean-meal,  iu  similar  manner,  in  a  drop 
of  glycerine  instead  of  in  water.  In  this  flnid  the  starch-grains 
seem  on  the  average  smaller;  of  lamination  not  a  trace  can  be 
recognised  ;  the  inner  hollow  and  the  clefts  are  wanting.  These 
are  formed  nnder  the  influence  of  water,  in  which  the  bean-starch 
swells  somewhat. 

The  starch  of  the  East  Indian 
arrowroot  (C'vrcuma  levcorrh-isa)  is 
otherwise  constructed.  "We  pot  up  a 
preparation  of  the  commercial  staix^h, 
which  is  nanalty  not  difficnlt  to  ob- 
tnin.  Genuine  East-Indian  arrowroot 
shows  in  its  grains  a  very  exeentrJC 
structure  (Fig.  6A),   at   the   anterior 

end     strongly    tapering,    beautifnlly  j( 

and  regularly  layered,  and  very  flat.  ■"■ 

Oflcn  a  considerable  number  of  grains  ^^^'^or^Hf B^t^-iti^i^  aJ^™" 
cling  together  by  their  flat  sides,  and,  (rrom  the  rhizome  of  Curcuma 
viewed  from    the   edge,  appear  like      '^"B^tvat'^irTdinstrB'^ 

l-olls  of  coins  (B).     The  size  and  form       one  another,  aeea  from  the  edges 

of  the  grains  varies  not  inconsiderably. 

The  West-Iudian  arrowroot,  also  called  in  short  Arrowroot, 
from  the  rhizome  of  Maranta,  especially  of  Marauta  arandinacea, 
is  easy  to  obtain  in  shops,  but  gives  however,  fi'om  the  point  of 
view  of  its  structure,  much  less  interest  than  the  East-Indian 
arrowroot.  Observed  in  water,  the  grains  show  great  similarity 
to  the  starch-grains  of  the  potato ;  only  they  are  usually  less 
clearly,  and,  in  exchange,  more  uniformly  layered  ;  somewhat  more 
rounded ;  on  the  whole  smaller ;  also  more  uniform  in  their  size. 
At  the  position  of  the  nucleus  is  usually  found  a  cleft  in  the  form 
of  a  wide  open  V. 

Wheat  meal  shows  the  layering  very 
badly ;  as  relatively  the  moat  favour- 
able, we  choose  the  atarch-graina  of 
Trilicum,  durum  for  observation.  We 
halre  the  grain  of  wheat  with  the 
pocket-knife,  and  scrape  off  a  little 
substance  from  the  cut  surface,  and 
put  it  in  the  drop  on  the  object-slide. 

The  large  starch-grains  are  circular,  discoidly  flattened,  and  re- 
gularly laminated  (Fig,  6  A),  but  the  layers  are  usually  liord  to 
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see.  In  many  grains  they  will,  nevei'tlieless,  be  recognised,  as  well 
ns  the  central  nnclens.  "  As  a  characteristic  appearance  will  be 
found  in  the  preparation,  besides  the  large  starch -grains,  and  almost 
without  transition  sizes,  small  grains,  with  clear  rosy  nnclens,  hot 
without  recognisable  lamination.  A  number  of  nnch  grains  are 
represented  at  B.  In  many  preparations  compound  gi'ains  are  not 
altogether  rare  ;  in  most  they  are  songht 
for  in  vain,  as  they  have  fallen  into  their 
component  grains. 

The  starch -grains  of  the  oat  (Avena 
aativa)  we  take  as  the  best,  inasmuch  as 
we  halve  an  oat-grain  and  take  a  little  for 
observation  nnder  water.  The  componnd 
grains  here  are  met  with  in  great  beanty, 
^'*'>'  snch  as  is  represented  in  the  adjoining 

figure.  The  size  oC  these  componnd  grains  varies,  and  proportion- 
ally also  the  number  of  the  component  grains  entering  into  its 
structure.  The  Fig.  7  A  represents  snch  a  compound  grain  of 
medium  size.  The  individual  component  grains  appear  polygonal, 
separated  from  one  another  by  clearer  looking  boundary  lines. 
Between  the  great  grains  are  seen  small  ones,  down  to  such  as 
consist  of  but  two  component  grains ;  lastly  also  quite  simple  ones ; 
besides  also  nnmerous  angular  grains  (£)  which  arise  from  the 
large  componnd  grains  broken  down  in  making  the  preparation. 
A  medium  size,  somewhere  about  our  Fig.  A,  is  met  with  by  far 
moat  commonly  amongst  the  compound  grains.  The  lamination 
in  this  object  is  not  visible,  the  nucleus  is  only  exceptionally 
indicated. 

Of    qnite  peculiar  appearance   are  the 

starch-grains   in   the   latex   (milk)  of  the 

^k^  El       Enphorbiacete.     A  piece  of  the  stem  of  a 

\W^  ii      spurge    is  cut  off,  and  the  cut  surface  is 

^s^~^-^  ^      plunged  in  the  drop  of  water  which  is  ready 

■^   ^  "^  upon   the    object-slide.      The  latex  which 

flows  ont   from    the  cut  surface  mingles 

with  the  drop.     We  can  select  for  example 

the  nniversally  distributed  Euphorbia  helw- 

gcopia  [sun-spurge]  for  our  investigation. 

In  the  latex,  which  appears  distributed  in 

I  emulsion,  in  water,  we  shall   see  isolated, 

&re  the  starch-grains  in 
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small  drops,  like  i 
small,  rod-like  bodies   (Fig.  8).     ' 
"  Eee  note  ot 
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qneetioa.  They  appear  pretty  strongly  refi'active ;  a  lamination 
is  visible  only  in  the  most  favonriible  cases ;  sometimes  a  longi- 
tudinal cleft  iA  recognisable  in  the  interior  oi  the  grain.  The 
size  of  the  rods  is  somewhat  variable,  many  of  them  are  &  little 
swollen  in  the  middle.  Much,  more  beantifnlly  formed  grains  of 
this  kind  are  possessed  by  the  tropical  Enphorbiaceee.  We  choose 
tor  this  eiamination  Euphorbia  aplendena,  so  commonly  grown  in 
plant  hoases,  and  make  the  preparation  in  the  same  way  as  Stated 
above.  The  starch  grains  which  now  put  in  an  appearance  (Fig. 
0)  haye  the  form  of  bones.  In  the  same  latex  will  he  found 
others  shaped  like  rods,  and  still  others  with  greatly  enlai^d 
ends,  like  dnmb-bells  ;  they  appear  more  or  lesa  swollen  at 
both  ends,  are  somewhat  longer  than  those  of  our  native  forms, 
and  in  the  swollen  parts  permit  something  of  the  lamination  to 
he  recognised.  Very  commonly  we  see  a 
cotonrlesa  vesicle  adhering  to  the  sides  of  the 
grain  (A),  tho  walls  of  which,  however,  are 
referable,  not  to  the  substance  of  the  starch- 
grain,  but  the  plasma  mass  adhering  to  it. 
It  must  strike  the  observer  that  the  small 
latex  globules  distributed  in  the  water  are 
in  tremulous  motion.  This  is  the  so-called 
Brown's  molecular  movement  [the  "  Brownian 
movement "],  which  we  can  therefore  take 
this  opportunity  of  learning  to  know,  and 
which,  not  a  phenomenon  of  life,  is  referable  '"  ""''' 
perhaps  to  fine  streams  in  the  fluid  carryin<r  with  them  the  minute 
bodies. 

After  getting  this  information  on  the  form  and  structure  of 
the  starch-grains,  we  will  prodnce  some  reactions  upon  them,  and 
study  directly,  under  the  microscope,  the  result  of  the  action. 
We  take  first  a  preparation  of  potato-starch  again  out  of  the 
moist  chamber.  After  focussing  we  place  a  drop  of  a  solution 
of  iodine  (iodine- water,  alcohol -iodine,  or  tinctnre  of  iodine,  or 
potassium-iodide  iodine)  at  the  edge  of  the  cover-glass.  In 
qsing  the  reagent  we  must  take  special  care  that  the  drop  does 
not  run  upon  the  cover-glass  and  thence  npon  the  objective.  If 
a  drop  comes  npon  the  cover-glass,  let  it  be  immediately  sucked 
off  with  blotting  paper.  If  the  reagent  reaches  the  objective, 
plunge  the  lower  lens  of  this  latter  in  pure  water,  and  clean  it 
afterwards  with  the  pieces  of  linen  i-ag  already  recommended. 
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In  order  to  see  tlie  action  oi  the  iodine  Bolation  directly,  await 

its  penetration  to  a  spot  previously  selected,  this  spot,  however, 
being  chosen  not  too  far  from  that  part  of  the  edge  of  the  cover- 
glass  at  which  the  reagent  ia  placed;  and  follow  by  movement  of 
the  object-slide  the  progress  of  the  action.  We  see,  immediately 
the  influence  of  the  iodine  eolation  begins  to  make  itself  felt,  the 
Btareh -grains  stain  bright  blue,  and  rapidly  ever  darker  till  they 
are  black-blue.  At  the  Grst  moment  of  the  action  the  lammntion 
shows  up  clearly,  only  immediately  to  disappear  in  the  gi-ain  when 
it  becomes  opaque.  With  potassium-iodide  iodine  solution,  in 
case  this  is  added  in  considerable  qoantity,  the  action  produces 
quickly  a  dark-brown  coloration  of  the  grain.  Similarly  dry 
starch -grain  3,  which  are  exposed  to  the  action  of  iodine  vapour, 
become  deep  dark-brown.  If  we  add  water  to  such  a  preparation 
the  brown  passes  rapidly  into  bine.  If  the  action  of  the  reagent 
should  not  proceed  rapidly  enough  under  the  cover-glass,  it  can  be 
readily  accelerated  by  fragments  of  blotting  paper  placed  at  the 
opposite  end  of  the  cover-glass.  ^ 

We  should  stain  with  iodine  solution  the  rod,  etc.,  shaped 
grains  of  the  Euphorbia  also,  in  order  to  demonstrate  that,  in  spite 
of  their  variable  form  and  of  their  scarcely  noticeable  lamination, 
these  bodies  are  tme  starch-grains. 

Let  us  farther  atndy  the  phenomena  of  the  swelling  of  starch- 
grains  under  the  infinence  of  potash  (potassium  hydrate).  First 
we  ^;ain  take  potato- starch,  and  await  the  entrance  of  the  re- 
cent, placed  at  the  edge  of  the  cover-glass.  The  action  of  this 
mast  take  place  quite  gradnally,  if  it  is  to  be  instructive.  We 
then  notice,  at  the  first  moment  of  the  action,  that  the  lamination 
stands  oat  more  clearly,  quickly,  however,  to  disappear,  while  the 
grain  increases  in  size.  During  this  enlai^ement,  which  proceeds 
with  more  or  less  regularity,  the  nncleus  of  the  starch-grain 
hollows  considerably,  upon  which  the  wall  of  the  weaker  side, 
therefore  towards  the  anterior  end  of  the  grain,  sinks  into  the 
hollow.  Later  on  the  regularity  of  the  phenomena  disappears 
altogether,  and  the  gi-ain  enlarges  to  a  mass  as  clear  as  glass,  of 
considerable  volume,  the  limits  of  which  are  scarcely  distinguish- 
Finally,  we  can  endeavour  by  warming  the  preparation  to  cause 
the  starch  to  swell,  a  treatment  such  as  indeed  is  in  use  in  the 
preparation  of  paste.  The  preparation  is  warmed  over  a  spirit  or 
gas  flame,  without  allowing  it  to  boil,  and  taking  care  to  replace 
'  See  note  on  page  15. 
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the  evaporated  water  hj  fresli.  If  in  warming  a  temperature  of 
.  about  70°  C  [approx.  160  F]  is  reached,  the  grama  will  be  found  to 
bo  BwolleH  just  as  in  treatment  with  potash.  [If  it  is  wished  to 
determine  accurately  the  temperatiir«  at  which  sweltiog  ensii.C4, 
the  warming  of  the  preparation  mnst  be  effected  upon  a  special 
tuble  which  can  be  heated,  and  its  temperature  registered.  Such 
ft  table  by  Raavier,*  can  be  specially  recommended.] 

With  this  we  close  our  first  Lesson.*  Before  we  put  the  micro- 
scope on  one  side  we  carefully  clean,  in  the  manner  before  de- 
scribed,  the  objectiyes  and  eye-glasses,  together  with  any  other 
pieces  of  apparatus  that  we  have  nsed.  We  withdraw  the 
microscope  tube  from  its  sheath  in  order  to  rnb  it,  and  also  the 
interior  of  the  sheath,  with  a  rough  towel.  Instead  of  again 
replacing  the  microscope  in  its  cabinet,  we  prefer  to  place  it  under 
a  glass  bell-jar,  which  latter,  in  order  to  protect  the  instmment 
as  much  as  possible  from  dost,  can  have  its  lower  edge  oovei-ed 
with  felt. 


NOTES  TO   CHAPTER   I. 

■  CompAie  herewith  Nsigeli,  Die  StSrkekoraer,  in  Pfiamfnphyi.  Vattntiehan- 
gen.  Heft  S ;  E.  Stiaaburger,  Ban  uad  H'achtihant  tUr  Zellhiiute,  p.  107,  where 
the  farther  literatare  will  be  found. 

*  Bauviei,  Traiti  d'Hittotogie,  p.  41.     1875. 


[Nolttopagt  12.] 

■  i.  frequent  appearauoe  upon  these  groins,  and  captble  of  recognition  with 
but  low  magoification,  i»  the  preaeuce  of  a  beautifull;  regular  network,  usually 
upon  only  a  small  portion  ol  the  surface  of  the  grain.  Tbe  network  is  formed 
by  ridges  arranged  into  a  net,  and  eimilatl;  the  meshes  are  occasioned  b;  shallow 
depreisionB  of  tbe  surface  of  the  giain. 

[Nole  to  page  14.] 

>  The  most  beautiful  violet-blue  coloration  of  the  starch-grains  is  oblaineil, 
however,  wben  a  scale  of  iodine  is  laid  amongst  the  atarcli-grainB  in  the  drop  of 
fluid  under  observaUon.  Tbecoloratiou  commences  immediately  in  the  Ticinity 
ot  the  scale. 

*  The  chapters  in  tbe  original  are  called  "  tasks,"  or  "leaaons." 
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peruanent  pltepabations,  use  of  the  sluple  micitoscope. 

Material  Wanted. 
Dried  Peas. 
Grains  of  Wheat. 
Seeds  of  Lupine  (Lvpinng). 
Seeds  of  Castor -oil  (BiciniiB  comnivnit), 
Brazil  Nnts  (BertitoUetia  exeeha). 

We  examine,  first  of  all,  the  Pea  (Pisum  gaiivvm.').  A  ripe  seed 
is  halved  by  a  sharp  pocket-lsnife,  and  in  snch  a  manner  that 
the  two  cotyledons  (seed-leaves)  are  cut  across.  Take  then  from 
the  cut  surface  a  thin  crosa  section  with  a  sharp,  hollow -ground 
razor.  On  the  subject  of  section- cutting  with  the  razor  the  fol- 
lowing points  can  be  noted : — 1.  The  cut  snrface  is  to  be  moistened 
before  cutting  the  section,  most  commonly  with  water,  though  in 
this  case  with  glycerine,  since  the  preparation  suffers  from  yater, 
and  we  shall  observe  it  in  glycerine.  2.  The  first  section  is  not 
to  be  nsed,  as  here  the  t.issoe  would  be  too  much  injured  by  the 
pocket-knife.  3.  In  such  resistant  tissues  as  that  of  the  pea  only 
very  small  and  exceedingly  thin  sections  ought  to  be  taken,  as 
the  edge  of  the  razor  would  be  very  easily  notched.  If  the  razor 
has  gone  too  deeply  into  the  tissue,  and  it  is  seen  that  the  resist- 
ance to  its  progress  increases,  it  is  better  to  withdraw  the  razor,  in- 
stead of  forcing  it  to  the  end  of  its  cut.  4.  Unless  the  investigation 
requires  it,  it  is  advisable  not  to  commence  the  section  with  the 
outer  surfaee  of  the  object,  but  rather  to  lay  the  razor  on  the  cut 
surface,  as  thus  a  far  firmer  support  is  obtained  in  order  to  get  a 
thin  section.  5.  In  order  to  get  a  really  good  section,  that  is  one  in 
which  the  individual  elements  of  the  tissue  are  not  torn,  the  razor 
must  not  merely  be  pressed  with  its  edge  against  the  object,  but 
at  the  same  time  drawn  aci-oss  it.  It  is  well,  therefore,  in  order 
to  cut  as  freely  aa  possible,  to  accustom  yourself  not  to  rest  the 
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thomb  of  the  cutting  hand  upon  the  other  hand.  Instead  of  this, 
both  hands  can  with  advantage  be  rested  against  the  breast,  be- 
cause thereby  lateral  movement  of  the  cutting  hand  is  not  hin- 
dered. The  back  of  the  razor  should  be  supported  on  the  index 
finger  of  the  hand  supporting  the  object.  6.  As  it  is  difficult  to  hold 
so  small  an  object  as  a  half  pea,  especially  when  it  is  also  so  haiM], 
sufficiently  firmly  between  the  fin^rs,  it  is  recommended  to  use 
for  the  purpose  the  small  hand-vice  described  iu  the  Introdnction, 
The  half  pea  is  therefore  fixed  snfliciently  deeply  in  this.  7.  It 
is  not  advisable  to  be  satisfied  with  a  single  section,  but  to  take  a 
considerable  number,  in  order  to  make  choice  of  the  best. 

The  section  selected  should  be  observed  in  glycerine,  either 
concentrated  or  diluted  with  one-tbird  distilled  water.  Pure 
water  is  not  available  for  this,  because  it  qnickly  sets  up  appear- 
ances of  disorganization  in  the  ground  substance  of  the  celL'-  The 
transfer  of  the  section  from  the  razor  to  the  glass  slide  is  best 
made  with  a  fine  camel-hair  brush.  The  section  is  removed  by 
pressing  the  brnsh  upon  it  and  sliding  it  off  from  the  blade.  If  it 
adheres  to  a  sufficiently  broad  surface  of  the  brush,  rolling  np 
("curling  ")  of  the  section  will  be  prevented  ;  curling  occnrs  very 
easily,  on  the  other  hand,  if  the  section  is  taken  directly  by  its 
edge  with  the  tweezers  and  so  transferred.  The  section  adhering 
to  the  brnsh  is  immersed  flat  in  the  drop  on  the  glass  slide,  and 
the  brush  withdrawn  laterally  with  a  simultaneous  twisting  move- 
ment. If  it  is  desired  to  turn  a  section  over  when  on  the  object- 
slide,  the  brush  can  be  pressed  down  on  the  object-slide  so  that 
it  is  in  contact  with  the  edge  of  the  section,  and  then  begin  to 
tnm  it  over  away  from  the  section.  In  this  way  the  section  will 
be  very  easily  drawn  upon  the  upper  surface  of  the  brush,  and 
can  then  be  turned  over  with  it.  Other  similar  tricks  will  soon 
be  acquired  in  practice.  After  every  time  of  use  the  bi-ush  must 
be  most  carefully  washed  in  water. 

Examine  the  section  of  pea  with  a  strong  magnifying  power. 
It  proves  to  be  a  tissae  composed  of  rounded  oells.  At  the  places 
where  three  such  cells  adjoin  one  another  a  triangular  intercellnlai 
spaea  (i)  filled  with  air,  is  present.  The  air  appears  black,  like 
the  edge  of  the  air  bubbles  previously  described;  here  it  naturally 
must  show  the  form  of  the  space,  since  it  fills  it.  The  wall  of  the 
cells  (m)  is  pretty  thick.  In  the  adjoining  figure  the  three  middle 
cells  are  completely,  the  surrounding  ones  only  partially,  repre- 
sented.    In  each  cell  can  be  seen  the  lai^  starch-grains  (am),  and 
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with  some  care  also  the  small  grains  {al)  whicli  lie  between  them. 
These  grains  are,  for  their  part,  imbedded  in  a  very  finely  granular 
ground-BubBtauce  (p).     From  thin  parts  of  the  section  many  a 
starch  grain  will  have  fallen  out ;  a  hollow  of  similar  form  and 
size  in  the  granular  mass  will  indicate  these  places.     The  small 
grains  are  Aleurone  or  Protein-grains^;  they  lie  in  the  gronnd 
snbatancc  oE  the  cell.     If  we  run  iodine  solution  into  the  prepara- 
tion, the  coloration  which  enanes  gives  as  immediate  information 
as  to  the  individnal  constituents  of  the  cells.     The  drop  of  iodine 
solution  is  placed  at  the  edge  of  the  cover-glaas  ;  as,  however,  the 
iodine  solution  diffuses  very  slowly  in  the  glycerine,  and  it  is  not 
our  pi-csent  purpose  to  study  the   progress  of  the  reaction,  we 
accelerate    it    a    little    bj- 
slightly   raising    the    edge 
of  the   cover.glass  with   a 
needle,  and  so   permit  the 
mixture  of  the  iodine  with 
the    glycerine.      A    second 
needle  placed  at  the  same 
time    against   the  opposite 
edge  of  the  cover-glass  pre- 
vents it  from  slipping.    The 
starch-grains  colour  blue  to 
violet ;  the  aleurone-grains 
and    the    ground- substance 
yellow.  By  the  use  of  potas- 
Fio.  10.— From  tha  eotyioaone  of  lbs  Pen.   m.      sium-iodide  iodine  the  color- 
•lenrone  graios^^Bro^d'BnbataQra'-  ""i^c'leuB!       atio^l  O^  ^^^  aleurone-grains 
and    ground-substance     be- 
comes very  intense  ;  but  the  starch-graina  are  at  the  same  time 
over-coloured,  and  appear  then  black-brown.     It  sections  of  pea 
arc  laid  in  a  drop  of  alcoholic  borax-carmine  solution,  in  a  very 
short  time  the  ground-substance,  and  also  almost  simnltaneonsly 
the  aleurone  grains,  colours  dark-red ;   the  starch-graina  remain 
colourless.     The  reaction  becomes  especially  striking  if,  after  the 
section  is  thoroughly  soaked  in  the  carmine  solution,  this  is  re- 
placed by  dilute  glycerine  or  by  water.     This  is  done  by  socking 
out  the  carmine  solution  by  a  piece  of  blotting-paper  placed  at  the 
edge  of  the  cover-glass,  while  at  the  same  time  the  water  or  dilute 
glycerine  is  run  in  under  the  opposite  edge.    If  a  section  is  placed 
in  Millon's  rea^nt,   the  starch-graina  swell  very  strongly,  and 
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become  unrecognisable ;  alenrone  and  grn and- substance  are  im- 
mediately disorganized ;  the  disorganized  mass  however,  after 
some  time,  takes  on  a  chai-acteristic  briok-t-ed  colour-  If  still 
another  section  is  laid  in  aceticiEed  methyl-green,  after  a  short 
time  there  appears  in  each  cell,  between  the  other  constituents, 
a  greenish-bine  spot  of  rather  indefinite  outline.  This  spot  is  the 
HaoleaB  (n).  The  other  constituents  of  the  cell  have  not  stained ; 
the  starch-grains  are  just  a  little  swollen  (they  show  radial  clefts, 
which  are  wanting  in  glycerine),  and  the  alenrone-grains  also  have 
increased  in  size,  and  appear  as  if  porous  or  even  hollow.  We 
recognise  therefore  in  aceticized  metliyl-green  a  reagent  which  in 
the  present  case  recommends  Itself  as  a  special  staining  material 
for  the  nuclens.  Simultaneously,  it  is  true,  the  cell-walla  also 
stain,  but  this  does  not  injure  the  value  of  aceticized  methyl-green 
as  a  reagent  for  nucleus  staining.  The  celi-walls  appear  of  a 
beautiful  bright  bine  colour,  and,  as  the  result  of  this,  are  traced 
ont  in  the  glycerine  preparations  much  more  readily  than  before. 
The  intercellular  spaces  also  stand  ont  more  sharply. 

In  the  yellow-brown  iodine  reaction,  the  accumulation  of  colour 
materials,  and  the'  brick-red  from  Millon's  ret^entj  we  have 
learned  to  know  the  most  important  means  whereby  to  recognise 
under  the  microscope 
aifiumiTious  bodies,  for 
to  these  belong  aleu- 
rone-grains  as  well  BlS 
protoplasmandnucleus. 
Protoplasm,  as  will  be 
seen  i^>in  later,  shows 
these  reactions  first 
when  it  is  dead ;  in  this 
case  death  results  from 
the  action  of  the  re- 
agents. The  substance 
of  the  nucleus  shows  a 
specially  strong  af&nity 
for  the  colour  materials.  ^  ,      ,     ^ 

,  .  ,         ,       .  Fia.  ll,-Cro»«  iection  IhronBh  a  gnin  of  whrat 

A     grain     Ol      wheat        (]VHiium«tl»ar().  p,  pericarp  of  Imit^  l.W-ts  of  seed. 

(THtieum  vulgare)    can       I"  the  end^pe™  eella  euo-eedida  to  tli«e:  a^iiIeQ. 

be   recommended  as  a, 

second  object  of  investigation.     The  grain  is  first  halved  (across) 

with  a  pocket  knife,  then  one  half  fixed  in  a  small  vice  in  order  to 
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have  BectionB  taken  &om  it.  This  time  it  is  desirable  bo  to  take 
the  eections  that  a  piece  of  the  skin  also  is  represented  on  them. 
In  cutting,  moisten  the  cutting  surface  with  glycerine,  and  ob- 
serve the  object  in  the  same  fluid  (Fig.  11).  Under  the  skin, 
formed  of  cells  pressed  closely  together  and  dead  (p),  which 
represents  the  combined  akin  of  the  fruit  (pericarp)  and  of  the 
seed  (testa),  iies  a  layer  of  rectangular  cells,  which  are  thickly 
filled  with  small  alearone-grains  {al).  The  alenroue-graina  are 
embedded  in  a  finely  granular  ground-snbatance.  Then  follow 
elongated,  less  regular  cells,  which  contain  large  and  small  starch- 
grains.  This  is  not  difficult  to  determine  with  suitable  reactions. 
We  will  now  "  mount "  a  successful  section  of  the  wheat-grain, 
and  by  this  means  learn  how  to  put  up  a  permanent  preparation 
or,  to  use  the  common  phrase,  how  to  permanently  "mount"  a 
preparation.  We  will  employ  first  the  simplest  method  of  pre- 
paration, which  is  here  so  much  the  more  desirable,  as  it  gives 
a  very  favourable  resnlt :  we  enclose  the  section  in  glycerine- jelly. 
Place  upon  the  glass  slide  so  much  of  this  jelly-like  substance  as 
we  believe  will  suffice  to  form  a  drop.  Then  warm  the  glass  slide 
slowly  over  the  flame  of  a  spirit-lamp,  till  the  jelly  has  become 
fluid.  The  section  is  then  laid  in  the  drop,  and  a  cover-glass 
placed  over  it.  It  is  advisable  first  to  warm  the  cover-glass  a 
little,  as  otherwise  air-bubbles  will  easily  remain  in  the  prepara- 
tion, and  for  similar  reasons  it  is  dosii-able  not  to  plaoe  the  cover- 
glass  on  quite  horizontally,  bnt  with  a  slight  lateral  movement. 
If,  in  spite  of  this,  air-bubbles  are  enclosed,  the  glass  slide  can  be 
warmed  a  little,  and  by  careful  raising  of  the  cover-glass  endea- 
vour to  briDg  the  air-bubbles  to  one  side.  If  the  air-bubbles  are 
not  troublesome,  the  task  of  removing  them  can  be  given  up.  If 
several  sections  are  placed  in  the  same  drop  they  should  be  nni- 
formly  dispersed  in  it.  Truly  it  often  happens  that,  in  laying  the 
cover-glass  upon  them,  the  sections  come  into  contact  with  one 
another,  and  even  lie  ui)on  one  another.  If  the  cover-glass  is 
i-aised  on  one  side  to  secure  order,  the  contrary  to  this  is  often 
produced.  Another  comparatively  simple  method  is  therefore  em- 
ployed. By  warming  the  glass  slide,  make  the  drop  as  fluid  as 
possible,  and  then,  without  lifting  the  cover-glass,  pass  in  a  hair 
front  one  side.  With  this  hair  seek  ont  the  object  to  be  rectified, 
an  operation  which  usually  tends  to  succeed.  Before  covenng 
with  the  cover-glass  it  is,  above  all,  necessary  to  make  sure  that 
no  particles  whatever  of  dnst  have  fonnd  access  to  the  drop  of 
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glycerine- jelly  ;  any  Buch  should  be  remoTed  with  the  needle.  Ab 
these  manipnlations  can  only  be  carried  on  with  a  suitable 
niHgnifieation,  this  is  at  the  same  time  the  moment  to  learn  the 
use  of  the  simple  microscope  in  connection  with  the  methods  of 
preparation  under  thC  compound  microscope. 

I  assume  in  the  first  place  that  the  observer  has  at  his  disposal 
a  small  dissecting  microscope  (comparelntroduction,  p.  viii.),  either 
as  Fig.  12,  or  some  other  of  like  construction.    Over  the  stage  (o() 


Pis.lS.— BmalldiBsectiDginicniacopearZeisa,  oa  loot,  tno-thirds  natural  aizo.  Ot,  Btsge 
i,  lens,  BhsBthing  lootbed  support  for  leni-arm ;  w,  screw  for  One  adjustment ;  a,  mltior; 
p,  wooden  anpporta  lor  baods  in  diSBecting,  etc 

of  this  small  dissecting  microscope  (Fig-  12)  is  placed  a  lens  (d), 
borne  on  a  horiaontal  arm.  The  horizontal  arm  is  fixed  to  a  steel 
upright  («(),  which  can  be  moved  up  and  down  inside  a  tnbe.  By 
this  movement  is  brought  about  the  coarse  adjustment.  The  fine 
adjustment  is  effected  on  the  other  hand  by  turning  the  screw 
(«*).  The  instrument  is  screwed  into  a  dissecting  foot,  the  high 
ends  of  which  (p)  serve  as  resting-places  for  the  hands  in  the 
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processes  of  preparation  or  disaeetion.  The  instroment  is  pro- 
vided with  two,  or  with  three  lenses,  int^nifjing'  15,  30,  and  60 
diainoters,  asd  it  is  aa  advantage  also  to  have  lenses  magnifying 
five  aud  ton  fold. 

The  lai^OT  disseotiag  microscope  of  Zeiss  (corap.  Introduction), 


natural  ei<:«. 

T,  Berew  bead  for  adjnauneni  i  i,  f-ysiem 

f  lensee.  o(  wh 

ieee.    Upon  the  stnge  is  aa  QbjeoMlidB  B 

wd  «itb  tbe  Gli 

or  other  of  similar  construction,  has  also  a  system  of  lenses  (I,  Fig. 
13),  consisting  of  three  achromatic  lenses,  which  cftn  be  combined 
Into  an  objective  (ob),  a  tnbe,  and  an  achromatic  e_ye-piece.  In 
order  to  work  with  slighter  magnification,  the  objective  can  be 
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naed  alone  as  ft  lens,  the  eye-piece,  together  with  the  tnbe,  being 
unscrewed.  The  three  lenses  of  the  objective  can  also  be  un- 
screwed from  one  another,  and  the  upper  lens  alone  can  be  used, 
the  two  upper,  or  the  three  simnitaneousl/.  Magnification  of  15» 
■20,  and  30  diameters  can  be  thus  obtained.  The  adjustment  is 
completed  by  turning  the  screw-head  («■),  On  both  sides  of  the 
stage  (ot)  "  wings  "  (p)  are  fixed,  to  serve  as  hand  supports  in 
dissection.* 

In  order  to  prepare  or  to  dissect  with  the  compound  microscope, 
what  is  called  an  "  erecting  eye-piece  "  can  be  nsed  in  the  place  of 
the  ordinary  eye-piece  of  the  microscope.  This  "  erecting  "  eye- 
piece reverses  the  image  of  the  object ;  and  as,  in  a  compound 
microscope,  the  image  is  normally  upside  down,  it  is  thus  reciified. 
It  is,  however,  qnite  possible,  though  to  a  beginner  very  difficult,  to 
dissect,  etc.,  with  the  ordinary  compound  microscope.  With  prac- 
tice one  conies  to  realize  that  every  movement  is  reversed,  and  to 
govern  the  movements  accordingly.  The  low  powers  can  then  be 
freely  nsed  for  dissection  and  preparation.  In  dissection,  etc., 
with  the  componnd  microscope  it  is  of  advantage  to  have  two 
blocks  of  wood  of  suitable  size,  which  can  be  placed  on  either 
side  of  the  stage,  and  will  serve  to  support  the  hands.f 

Whichever  of  these  instruments  is  used  for  preparation,  we  first 
lay  the  preparation  on  its  stage,  that  we  may  free  it  from  any 
foreign  bodies  which  may  happen  to  be  present.  For  this  purpose 
the  lowest  magnification  that  is  at  our  disposal  is  nsed.  .  This,  in 
the  larger  microscope  for  preparation,  of  Zeiss  (Fig.  13),  is  fifteea 
diameters.  The  distance  of  the  object  from  the  lens  would  thei^ 
be  about  IJ  inch.  With  this  instrument,  even  with  the  strongest 
magnification,  viz.,  100  diam.,  this  distance  is  more  than  ^  inch 
After  proper  adjustment  of  the  miiTor  (s)  and  of  ihe  image,  take 
in  each  hand  a  needle  fixed  in  a,  holder  (see  Introduction),  steady 
the  hands  on  the  rests,  bring  the  points  of  the  needles  into  the 
axis  of  the  instrument,  and  endeavour  to  see  both  simultaneously 
in  the  field  of  view  of  the  microscope.     This  will  soon  be  success^ 

*  I  have  retained  the  abova  deficriptionB  intact,  as  thej  iUoBtrale  pretty  tuUy 
tbe  atructuie  of  disEeoting  micrOBCopea  in  generitl.  For  an  account  of  other 
inBtrumenta  b;  English  makers,  see  the  Introduction.  In  cbooaing  an  iosCru- 
meiit  I  would  specially  nrge  the  itupoitnnoe  of  stable  arm-rests,  as  in  the  above 
Fig.  13.  An  instrument  satisfying  nil  the  reqairemeats  of  even  more  than  tbe 
beginner  ought  not  to  cost  mora  tban  about  30s.    [Ed.] 

+  This  cemark  equally  applies  to  tboae  forma  of  simple  (oi  dissecting)  micro- 
■copes  which  are  unproTided  with  resta.     IE,d.] 
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fully  accomplished,  aod  then  by  means  of  a  few  eiperimental 
attempts  learn  how  to  make  tlje  necessary  alight  movements  with 
the  needles.  This  easy  problem  of  removing  the  foreign  bodies 
out  of  the  preparation  with  the  points  of  needles  will  soon  be  com' 
pleted  to  onr  satisfaction,  wlierenpon  we  proceed  to  lay  the  cover- 
)^Iass  upon,  the  drop  of  fluid.  If  this  in  the  meantime  shall  have 
become  too  viscid,  it  can  be  again  warmed  before  being  covered. 

The  glycerine- jelly  preparations  need  no  further  enclosing,  are 
therefore  prepared  in  the  simplest  possible  way ;  and  as  most  vege- 
table objects,  even  stained  ones,  preserve  very  well  in  glycerine- 
jelly,  we  can  recommend  this  methcMj  in  preference  to  others. 

The  preparation  must  then  be  labelled,  preferably  at  both  ends 
of  the  glass  slide,  with  gummed  circles  or  squares  of  paper,  npon 
which  must  be  written  at  least  the  name  of  the  plant,  the  natnre 
of  the  object,  the  direction  of  the  section,  if  it  be  one,  the  medium 
in  which  it  is  preserved,  any  staining  material  used,  and  the  date. 
If  it  is  desired  to  keep  the  preparation  slides  stacked  on  the  top  of 
one  another,  then  they  must  be  protected  from  contact  by  card- 
board labels  in  the  place  of  thase  of  paper.  The  cardboard  labels 
should  be  cut  the  breadth  of  the  glass  slide,  by  about  f-inch  in 
the  other  direction.  On  these  the  information,  as  above,  can  be 
written.  The  card-labels  are  best  fixed  on  with  "  Crystal  Palace 
Cement,"  or  other  similar  medium,  or  they  can  be  fastened  with 
Canada  balsam  dissolved  in  turpentine.  "  If  it  is  necessary  to 
fasten  them  with  gum,  it  is  best  to  cover  each  end  of  the  slide 
first  with  a  strip  of  gummed  paper,  the  ends  of  which  shall  fold 
over  and  overlap  nnder  the  slide,  and  fasten  the  card  label  on 
these ;  otherwise  the  label  would  easily  spring  away  from  the  slide. 

Take  now  the  seed  of  the  white  Lupine  (Lupinug  albus),  or  other 
allied  species.  Once  more  halve  the  seed  across,  and  take  sections 
from  the  moistened  cut  surface.  Sections  observed  in  water  show 
in  the  cells  rounded  aleurone-grains  with  vacuoles.  In  order  to  see 
the  grains  in  their  natural  form  they  must  be  observed  in  gly- 
cerine. The  grains  then  appear  at  first  refractive,  angular, 
gradually  forming  in  their  interior  a  fine  network,  granular. 
Lying  closely  together  they  fill  up  the  cell ;  a  small  quantity  of 
ground-substance  lies  between  them,  more  ground  substance  can 
be  observed  against  the  walls  of  the  cells.  The  walls  of  the  cells 
are  very  strongly  thickened  and  pitted,  a  structure  which  we 
shall,  however,  study  later  on  a  more  favourable  object.  In 
iodine-glycerine  the  grains  take  a  beautiful  golden-yellow  colour. 
°  Se9noteoapnge27, 
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In  the  next  place  remove  the  shell-like  testa  from  the  seed  of 
the  castor  oil  plant  (Rieinut  commanis),  cut  it  throng;h  across,  and 
make  preparations  juat  as  ahove  from  it.  The  tissue  of  the  endo- 
sperm is  capital  material  to  cnt;  it  contains  very  much  fat  oil,  and 
need  not  be  moistened.  The  sections  can  be  observed  in  water,  the 
distopbing  effects  of  which,  by  removal  oE  oil,  come  bnt  gradually 
into  operation.  The  alenrone-grains,  imbedded  in  a  gronnd-sab- 
Btance  very  rich  in  tat  (Fig.  14,  A),  enclose  in  their  interior  usnaljy 
one,  but  sometimes  two  or  more.  Protein- oryatals  [or  so-called 
crystalloids],  and  usually  a  single  rounded  body,  the  Globoid, 
which  is  of  inorganic  composition,  the  combination  of  double 
phosphoric  acid  with  lime  and  magnesia.  With  longer  action  of 
water  the  gronnd-snbatance  in  which  the  alenrone-grains  lie  is 
disorganized ;  great  masses  of  oil  collect  around  and  on  the 
object.  These  cling  partly 
to  the  object  and  the  glass, 
and    have     an    irregular 

form,  partly  lie  fi-ee,  and  V^)!*^^ 

then  are  globular.     They  a  ''^^^^'^  ^-*kM^ 

are  mostly  clouded  with 
numerous  vacnoles.  If 
the  microscope  is  adjnsfced 
so  as  to  show  an  optical 

section     of    such      an     oil  Fie,  U— From  the  enilO'perni  of  Kioiniu  am- 

drop,   it    appears    bright      "^liefl  in'^ltr^rfl"  e^nguX.i^nl'rr^nr^ 

grey,    and     is    surrounded       inoUveoil;    b,  tbe  globoid;  t,  the  ptowiD-crjaUl 

by  a  narroVblack  limiting 

zone.  If  the  tnbe  of  the  microscope  is  lowered,  the  dark  ring 
disappears;  the  disk  appears  somewhat  more  brightly  surronnded. 
If  the  tube  is  raised,  the  dark  zone,  which  in  the  mid-position  of 
the  tube  is  narrow,  becomes  broader.  Oil-drops  show,  therefore, 
reverse  appearances  to  those  which  have  been  previously  observed 
in  air-bubbles,  Air  refracts  light  less,  oil  more  strongly,  than 
water ;  hence  their  opposite  relations.  These  relations  should  be 
noted  for  future  observation.  Bodies  which  are  less  refractive 
than  the  medium  in  which  they  are  observed,  have  an  inner 
brighter  part  which,  with  deeper  focussing,  is  so  much  the  smaller, 
an  enter  darker  part  which  is  so  mnch  the  broader ;  with  more 
strongly  refractii'C  bodies  these  relations  are  exactly  reversed. 
If  wo  run  absolute  alcohol  under  the  cover-glass  of  the  prepar- 
.  ation  of  Bicinut,  which  is  at  present  in  water,  the  preparation  will 
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"  clear  "  somewhat ;  and  aimaltaneously  the  protein-crystals  in  the 
nlenrone-grains  come  out  very  sharply.  TJiey  are  now  so  clearly 
defined  that  this  method  of  manipulation  is  recommended  in 
urder  to  study  their  form, — hemihedral  tetrahedra  of  the  regular 
system.  '  After  longer  action  of  the  alcohol,  the  oil-drops  dis- 
appear moi-e  and  more,  as  castor  oil,  in  contradistinction  to 
other  fat  oils,  is  miecible  with  absolute  alcohol.  Now  make 
another  preparation  of  Bicinug  seed,  lay  iton  the  glass-slide  in  a 
drop  o!  glacial  acetic  acid,  and  cover  it  with  a  cover-glass.  The 
protein-crystals  swell  and  disappear  in  the  alcnrone-grains.  These 
latter  increase  considerably  in  volume,  the  globoids  also  enlarge, 
and  show  np  very  clearly  in  each  aleurone-grain.  Drops  of  fat 
are,  however,  not  visible,  because  castor  oil,  again  acting  aa  an 
exception,  mixes  with  glacial  acetic  acid.  Otherwise  absolute 
alcohol  and  glacial  acetic  acid,  because  normally  they  either  uot 
at  all  or  but  slightly  dissolve  &t  oils,  while  on  the  other  hand 
they  are  solvents  of  ethereal  oils,  are  the  best  reagents  for  the 
purpose  of  distinguishing  between  these  two  classes  of  oil  under 
the  microscope.  Of  ethereal  oils,  the  terpene  dissolve  somewhat 
less  easily  than  the  others  in  both  the  above  reagents.  Chloroform 
and  ether  dissolve  fat  and  ethereal  oils  equally. 

To  a  preparation  mounted  in  water  mn  in  alcanna  (alkanet) 
tincture  diluted  with  water.  The  fat  masses  soon  accumulate  colonr 
and  stain  reddish  brown,  a  reaction  which  ethereal  oils  and  also 
tesin  alike  show. 

Logwood  (Kfematoxylin)  added  in  small  quantity  to  a  prepara- 
tion in  glycerine,  stains  the  protein -crystals  a  beautiful  violet. 
In  olive  oil  the  protein-crystals  are  not  visible ;  the  whole  grain 
on  the  other  hand  appears  a  strongly  refractive,  rounded  body,  at 
one  of  the  ends  of  which  the  globoid  simulates  the  appearance  of  a 
vacuole  (Fig.  14,  B).  The  protein-crystals  come  out  very  beauti- 
fully if  the  section  is  laid  in  a  drop  of  1%  osmic  acid ;  they  gradu- 
ally take  on  a  brownish  tint.  By  the  same  reagent  the  oil  is 
slowly  blackened,  a  peculiarity  which  fat  oils  have  in  common 
with  ethereal  oils ;  this  reaction  io,  however,  not  characteristic,  as 
many  other  organic  substances  become  black  in  osmic  acid. 

Protein -crystals  of  extraordinary  beauty,  which  show  readily 
all  the  characteristic  protein  reactions,  are  to  be  found  in  the 
endosperm  of  the  seeds  of  Bertholletia  exceUa,  the  well-known 
"  Brazil  nut."  In  this  also  the  sections  are  exceedingly  easy  to 
obtain.    If  to  a  preparation  laid  in  water  is  added  absolute  alcohol,  ' 
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the  protein-crystals  come  ont  very  sharply.  The  fat  oil  is  nob 
touched  to  any  eitent.by  the  alcohol.  It  remains  unchanged  also 
m  glacial  acetic  acid,  while  the  protein-crystals  are  immediately 
dissolved.  In  1%  osmic  acid  the  crystals  become  ^ery  distinct. 
These  crystals  are  bo  large,  that  their  form  can  he  made  out  even 
by  comparatively  smaller  magnification.  Wear  the  crystal  lies  a 
globoid,  this  latter  being  here  always  in  the  form  of  an  irregnlar 
a^regation  of  ronnded  bodies.  The  ground- substance  is  very  rich 
in  fat,  and  with  1%  osmic  acid  becomes  everywhere  quite  black. 
The  granular  contents  of  the  alenrone-grain  also  take  on  quickly 
a  dark  coloration,  while  the  crystals  themselves  colour  slowly  yel- 
low. The  crystals  are  optically  nniazial,  and  belong  to  the  hexa- 
gonal system. 

KOTES   TO   CHAPTER  n. 

'  CompBTe  Pfeller,  Jalirb.  far   icua.  Botanik,  viii.  p.  429.  irhere  the  otbet 
literature  nill  bo  fouail. 

»  Sehimper,  Uvtere-il.  d.  ProUinkryitalled.  Pflansen.   Inaugurul  Disi 
Strassburg,  18TS. 


[Note  10  pane  24.] 
'  Cud-labels  for  object  elidee.  An;  one  of  the  QumeFoua  forniB  of  gUas- 
cemeut,  bdcIi  aa  coagtiline.  meud-all,  elc.  wlli  ausner  this  purpose.  A  quao- 
tit]'  of  ilideg  can  be  prepared  at  one  time.  The  card-labela  are  cemented  on 
both  euds  of  tlie  slide,  and  tlieee  nre  tied  into  bundles  to  drj  under  pressure. 
The  cards  recomnii'nded  at  p.  34,  for  drawing,  cut  into  admirable  labeU. 
Tliis  metbod  is  very  economical  foi  keeping  preparations,  as  all  tbose  ol  a 
similar  kind  can  be  tied  into  a  bundle,  with  a  plain  slide  ovei  the  uppermost, 
tbniugh  nhich  its  label  will  be  visible.  Preparatious  preserred  in  glycerine  do 
not  then  necesearilj'  need  to  be  closed  with  Canada  Balsam,  provided  tlie  pre- 
paratioD  is  tliin,  so  that  little  gljccrine  is  used,     [li^n.] 
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CHAPTER  III. 
MOVEMENTS   OF   PBOTOPLASM ;    NUCLEUS.     DBA  WING  WITH  THE 

camera,  etc.;  calculation  of  magnification. 
Material  Wanted, 

Flowers  ot  Tradcaecmlia  (best  T.  virglnie").     Fresh.     Or,  very  yonng 
shoot   of   a   Gucurbita   (gourd,   pumpkin,   cucnmber,    vegetable 

Toang  roots  of  the  Frog-bit  ( TTydrochaHi  morius-raita)  or  of  Trianca 

bogolaitii.     Q;iite  fresh. 
Strong,  oldish,  leaves  of  VallUnerla  »piralii.     Fresh. 
Young  parts  of  Nilella.    Fresh. 

We  will  first  study  now  the  phenomena  of  the  movement  of  living 
protoplasm,  and  select  as  one  of  the  most  favourable  objects  for 
this  purpose  the  hairs  on  the  staminal  filaments  of  Tradescantia 
(the  Spider- wort).  Tradescantia  virginica,  and  other  closely- 
allied  species,  are  cultivated  in  every  botanical  garden,  and 
Bower  from  May  or  June  till  late  into  autumn.  The  long  violet 
hairs  in  every  flower  will  at  once  strike  the  eye.  For  observation, 
select  haire  out  of  a  flower  which  is  either  just  opening  or  has 
just  opened.  The  preparation  is  made  by  seiaiug  a  tnft  of  hairs 
at  the  base  with  the  forceps ;  remove  them  and  lay  them  in  water. 
Or  the  -whole  filament  can  be  placed  under  a  cover  glass  if  the 
anther  is  previously  removed.  In  this  last  case  the  masses  of 
air  clinging  amongst  the  hairs  will  give  trouble,  and  it  takes  some 
pains  to  remove  them.  This  is  best  effected  hy  means  of  a  fine 
oamel-hair  brush,  with  which  the  hairs  are  brushed  over  from 
below  upwards,  the  tuft  being  at  the  same  time  held  firmly  at 
the  base.  After  this  the  cover  glass  is  laid  on.  Most  of  the 
hairs  will  not  have  suffered,  provided  the  air  has  been  removed 
with  sufficient  Cftrefulneas. 

The  haire  in  question  are  formed  of  numerous  cells,  swollen  into 
ft  barrel  form,  and  arranged  into  an  nnbranched  row.  At  the 
points  of  constriction  lie  the  partition  walls  which  separate  tho 
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individnal  cells  from  one  another.     Each  cell  (Fig.  15)  shows  a 
thin  continnons  lining  layer  ["  peripheral  layer  "]  of  protoplastn, 
and  is  traversed  in  the  interior  by  nnmerous  thinner  and  thicker 
protoplasmic  strands.     Suspended  'within  these  strands  is  to  be 
fonnd  the  nucleus,   surrounded  by  an  enveloping   layer  of   proto- 
plasm.     (Shown  somewhat  below   the  middle  in  the  fign re.)      The 
cell    cavity  in  which  the   nnclens  is    suspended,  and   which   is 
traversed  by  the  protoplasmic  strands,  is  filled  by  a  violet-coloui-ed 
cell  sap.       It  is '  the  vacuole.        The    protoplasm  consists  in  a 
colourless,  viscons,  semi-fluid  substance,  which  is 
distinguished  by   the   name   of   Hyaloplasm   [i.e., 
clear  plasma],  and  which  contains  nnnierous  minute 
grannies,  called  by  the  name  of  Uicrosomata,  or 
Uiorosomes.     Besides  these  there  can  also  be  seen 
in    the    protoplasm,    in    greater   or   less    numbei", 
somewhat  larger,   highly  refractive   bodies,  which 
appear  somewhat  bluish  in  colour,  and  which  will 
be  designated  by  the  terms  Starch-formers,  Starch- 
bailders,  or  Lencoplasts.      If  we  focus  the  object' 
glass  from  the  peripheral  protoplasm  inwards,  it 
will  be  seen  that  this  is  not  in  movement  as  a 
whole,  but  that  rather  the  fine,  net-like,  anasto- 
mosing, protoplasmic  strands  flow  into  and  away 
from  it.     In  the  protop'asmic  threads  which  sur- 
ronnd    the   nnclens   ihe   movement   is   especially 
strong.     These  streams  are  of  various  thickness, 
they  anastomose  laterally  with  one  another  more        j-,^  le— a  ceil 
or  less  frequently,   ar.d    the    nucleus   manifestly      '"m  "le  ''"■i'  on 
furnishes  a  central  point  for  them.     Most  of  the      jvodeMnnMii    rti^ 
threiids  end  in  the  plasma  layer  surrounding  the      sinKaC  *«*). 
nnclens.     The  current  in  a  single  strand  moves  often  only  in  onA 
direction ;  often,  however,  it  can  be  seen  that  even  in  very  thin 
strands  or  threads  there  are  two  currents  in  opposite  directions. 
The  movement  is  recognisable  by  the  microsomes  and  lencoplasts 
borne  in  the  clear  basal  hyaloplasm.     With  continued  observa- 
tion it  wilt  be  seen  that  the  strands  slowly  change  their  thickness, 
arrangement,  and    other  conformation.      New   branches   of   the 
system  can  be  seen  to  arise,  others  can  become  constantly  thinner 
in  the  middle,  finally  break  through   and   withdraw   into   other 
strands.     Thus  by  degrees  the  figure  changes.      The  nuclens  is 
almost  globular,  in  many  cases  oval  or  somewhat  flattened.     With 
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the  Btrongeat  magnificatrioii  which  is  at  our  commaad  it  appeal's 
finely  punctate,  and  in  it  can  be  readily  diatingnished  Bi>me  lat^r 
granules  (Nucleoli).  Often  two  nuclei  lie  close  together  in  snch 
a  cell,  because  the  original  nucleus  has  divided.  The  nncleus  is 
towed  about  hither  and  thither  by  the  plasma  strands,  and  thus 
slowly  changes  its  position  in  the  cell.  In  order  to  prove  this, 
take  rapidly  a  sketch  of  the  cell,  and  compare  this  'with  the 
arrangement  of  the  nucleus  and  the  currents  after  the  lapse  of 
some  time.  Such  a  sketch  can  only  he  accurately  taken  hy  means 
of  a  drawing  prism,  and  it  alone  h&a  definite  valne  for  later  com- 
parison. We  will,  therefore,  endeavour  here  to  become  acquainted 
with  the  nse  of  the  drawing  prism. 

The  camera  Incida  of  Abbe  recommended  first  of   all    in  the 
Introduction,  which  is  represented  in  ideal  longitudinal  section 


in  Fig.  16,  is,  as  shown  in  the  figure,  placed  npon  the  eye-piece 
and  fastened  with  the  clamping  screw  shown  at  its  side  (sr). 
It  is  best  to  remove  the  eye-piece  before  screwing  on  the  camera, 
as  in  the  performance  of  this  manipntation  upon  the  microscope 
there  is  the  danger  that  the  tnbe  may  be  pressed  down,  and  the 
preparation  crushed.  When  the  eye-piece  with  the  camera  is 
placed  in  the  tube,  then,  in  case  we  use  the  microscope  with  the  left 
eye,  the  mirror  of  the  camera  should  be  placed  in  front ;  but  in  case 
of  use  of  the  right  eye,  to  the  right  hand,  and  inclined  about  45°, 
r  shown  in  the  figui'e.  If  now  we  look  through  the 
1  the  direction  of  the  eye-piece,  we  see  once  more  the 
figure  of  the  object  in  the  field  of  view  of  the  microscope.  Now 
place    in  front    of,  or    to  the  right  side   of,   the  microscope   a 
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horizontal  drawiog  desk,  this  being  thereabouts  the  height  of  the 
atE^  of  the  microscope.  Leij  a  sheet  of  drawing-paper  upon  this 
desk,  and  rest  the  point  of  a  lead  pencil  against  it.  If  the  point 
of  the  pencil  is  fonnd  nnder  the  mirror  in  the  direction  of  «,  this 
must  now  be  visible  in  the  field  of  view  of  the  microscope  at  the 
same  time  with  the  fignre  of  the  object.  The  point  of  the  pencil 
is,  however,  made  visible  hj  double  reflection,  the  first  time  in  the 
large  mirror,  the  second  time  in  the  silvered  snrface  of  a  small 
prism  in  the  point  of  sight  of  the  eye-piece  (compare  the  figure) 
while  the  microscopic  figure  comes  directly  to  the  eye  throngh  a 
small  opening  in  the  silvering  of  this  prism.  If  the  surface  of 
the  drawing  desk  does  not  lie  in  the  distinct  visual  distance  of 
the  observer,  the  point  of  the  pencil  will  be  seen  indistinctly,  and 
the  drawing  desk  mnst  be  raised,  or,  though  seldom,  be  made 
lower.  We  test  the  necessary  height  by  means  of  books  laid  one 
upon  the  other.  The  microscopic  figure  is  only  well  visible  on 
the  drawing  snrface  when  a  definite  relation  of  brightness  exists 
between  the  two.  Dimming  of  the  drawing  surface  can  be  pro- 
duced by  the  aid  of  smoked  glasses,  which  are  made  to  tarn  on 
the  camera.  If  the  arrangement  is  perfect  yon  can  draw  with  the 
lead  pencil  the  outline  of  the  object  as  if  drawing  it  in  the  field 
of  view  of  the  microscope. 

The  second  camera  mentioned  in  the  Introduction  is  seen  in 
Fig.  2,  set  upon  the  microscope  in  the  position  for  drawing.  This 
camera  has  the  advantage  that  it  can  always  be  kept  on  the 
instrument,  and  with  some  practice  will  perform  yeoman's  service. 
It  consists  of  two  prisms,  inclined  to  one  another,  in  a  common 
setting.  The  rays  coming  from  the  pencil  take,  after  double 
reflection  inside  the  prisms,  a  coarse  parallel  to  the  axis  of  the 
microscope,  and  thus  coincide  with  the  rays  coming  direct  from 
the  object.  The  camera  ia  placed  in  the  inclination  represented 
in  the  figure,  and  so  placed  that  its  anterior  edge,  visible  through 
the  opening  in  the  setting,  approximately  bisects  the  "  pnpil  "  of 
the  emerging  rays  of  the  microscope,  i.e.,  the  bright  circular  disk 
which- we  notice  when  we  look  perpendicularly  into  the  eye-piece 
from  a  short  distance,  such  as  I^  inch,  above  it.  If,  then,  on 
moving  the  head  t«)  one  side  we  do  not  see  the  "pnpil"  notably 
displaced  towards  the  edge  of  the  prLsm,  this  latter  stands  also 
at  the  right  height.  We  draw  upon  a  sloping  drawing  desk, 
which  is  placed  in  front  of  the  microscope.  If,  after  some 
attempts,  we  have  found  the  point  of  the  lead  pencil  npon  the 
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drawing  paper,  we  caa  now  follow  with  it  the  outlines  of  the 
object.  If  the  object  is  not  to  be  distorted  in  drawing,  the  draw- 
ing desk  must  have  the  correct  inclination.  In  order  to  determine 
this,  we  use  a  method  of  procedure  which  quickly  leads  ns  to  our 
end.  We  draw  the  circular  outline  of  the  field  of  view  upon  the 
paper  with  the  aid  of  our  camera,  and  obtain  thua,  if  the  inclina- 
tion of  the  drawinff  desk  is  correct,  likewise  a  circle  i.e.,  the  cross 
measurements  of  the  figure  fro>^  side  to  side  and  from  top  to 
bottom  of  the  sloped  surface  will  be  like ;  if,  on  the  other  hand, 
we  have  an  ellipse,  the  slope  of  the  drawing  desk  is  not  correct, 
and  must  be  varied  until  a  circle  is  produced.  Or,  wo  set  in 
position,  and  always  with  strong  magnification,  the  stage  micro- 
meter recommended  in  the  Introduction,  i.e.,  a  millimeter  divided 
into  100  parts,  engraved  upon  an  object  slide.  "We  now  turn  the 
stage  micrometer  around  through  90°,  so  that  the  engraved  lines 
shall  run  from  side  to  side,  and  succeed  one  another  fore  and  aft. 
In  case  the  too  small  size  of  the  stage  does  not  permit  snch  a 
position  of  the  st(^e  micrometer,  we  must  change  the  position  of 
the  microscope  90°.  The  turning  of  the  microscope  naturally 
renders  necessary  a  change  of  the  direction  of  the  mirror.  If  oar 
instrument  is  provided  with  a  "  concentric  rotating  sti^e,"  or 
similar  appliance,  then  it  is  only  necessary  to  turn  this ;  snch  a 
stage  is  very  useful  for  drawing,  as  it  enables  ns  to  place  the 
object  in  the  desired  position.  If  we  have  given  the  micrometer  its 
proper  position,  we  draw,  with  the  help  of  the  camera,  its  lines 
upon  the  paper  on  the  drawing  desk.  The  lines  follow  one 
another  up  the  slope  of  the  desk.  We  shall  succeed,  without 
much  practice,  in  reproducing  it  exactly )  but,  as  the  lines  have  a 
definite  thickness,  it  is  necessary  that  we  should  represent  always 
a  definite  edge  of  the  line.  The  inclination  of  the  drawing  desk 
is  correct  when  the  distuice  apai't  of  the  lines  remains  the  same 
at  alt  heights.  If  this  distance  increases  upwards  on  the  desk, 
the  desk  must  he  made  steeper ;  if  it  sinks,  it  must  be  placed  in  a 
lesa-inclined  position.  As,  for  the  rest,  small  mistakes  are  not 
excluded  from  our  measuring  scale,  it  is  necessary  to  represent 
several  parts  of  it  in  the  same  way.  In  this  way  we  shall  find 
that  our  desk  should  have  a  slope  of  about  25°.  Having  once 
found  the  correct  slope,  it  is  well  to  have  a  desk  made  with  its 
two  supporting  sides  of  the  correct  heights. 

This  figure,  when  we  have  obtained  the  correct  inclination  of 
the  drawing  desk,  can  be,  at  the  same  time,  used  in  irder  to 
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calculate  the  magm6cation  of  the  drawing  i.e.,  the  magnifying 
power  of  the  ti/ttem,  or  combination  of  objective  and  eye-piece,  in 
nse.  We  know  already  that  the  lines  which  we  have  drawn 
are  0"01  millimeter  (t'.e.,  approximately  tAo  inch)  remOTcd  from 
one  another.  If  we  find  that  now  they  lie  24  mm.  (i.e.,  nearly  -^ 
inch),  we  know  that  the  drawing  is  enlarged  240  times.  Thia 
method  is  also  the  simplest  and  bent  for  measnring  the  size  of  the 
microscopical  object.  If  we  hare,  that  is,  attained  the  necessary 
accuracy  in  drawing,  in  order  to  reprodnce  even  slight  Tariations 
in  size  with  fidelity,  and  if  we  know  the  definite  enlargement  of 
the  object  which  we  have  drawn  at  exactly  the  same  distance, 
it  needs  only  to  divide  the  size  of  the  di-awing  by  the  known 
enlai^ment  to  get  the  actual  size  of  the  object.  If,  e.g.,  one 
cell  of  the  hair  of  Tradetcaatia  appears,  with  240  times  enlarge- 
ment of  its  fignre,  to  be  9  mm.  broad,  thia  indicates  an  actoal 
breadth  of  yj^  mm.,  i.e.,  of  00.^75  mm.  Thia  method  givea  in 
the  simplest  way  snch  a  close  result,  that  in  our  investigations 
we  can  limit  ourselves  to  it. 

FariouB  other  contrivances  have  been  introduced  for  the  purpose 
of  aids  ixt  drawing.  Some  of  these,  like  the  Wollaston  Camera 
Lucida,  require  the  body  of  the  instrument  to  be  placed  horizon- 
tally, and  the  instrument  as  a  whole  to  be  raised  on  a  pedestal. 
This  can  of  course  only  be  nsed  with  instruments  which  admit 
of  this  position ;  and  for  working  purposes  it  is,  besides,  objection- 
able in  several  ways.  A  very  cheap  form,  for  use  thus  >s  Dr. 
Beale's  nentral-tint  reflector,  which  fixes  on  the  eyepiece,  making 
with  its  glass  an  angle  of  45°.  The  student,  when  he  chooses 
a  camera  or  drawing-prism,  should  always  select  one  for  use  with 
the  instrument  in  the  vertical  position ;  and,  as  he  may  not  im- 
probably obtain  one  from  a  maker  who  is  not  the  maker  of  his 
instrument,  he  should  always  send  the  eyepiece  of  the  latter,  ao 
that  the  fittings  of  the  camera  may  be  adjusted  to  the  size  of  this. 
Zciss's  camera  is  adjusted  for  eyepieces  of  the  continental  size, 
a  size  much  used  by  English  makers  for  their  smaller  instruments. 
Of  whatever  camera  is  chosen  the  method  of  adjustment  upon  the 
eyepiece  must  be  learned  from  the  maker  (though  usually  very 
easy  to  find  out  for  one's  aelf)  ;  the  rales  laid  down  above  for  learn- 
ing how  to  draw  are  equally  applicable  to  all  of  them.  Lastly, 
the  quality  of  the  drawing  depends  on  two  factors :  let,  the  ac- 
curacy of  the  observer,  and  2nd,  the  akii!  of  the  draughtsman. 
Now  turn  onoe  more  to  the  cell  of  the  Tradescaatia  hair,  and 
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endeavour  with  one  or  another  drawing  apparatne  to  make  a  figure 
of  it.  As  in  all  drawing  apparatus  which  are  not  striotlj  cameras, 
:;ome  manipulation  for  the  regulation  of  the  light  is  needed,  so  we 
must  endeavour,  either  by  shading  the  di-awing  enrface,  or  by 
changii^  the  position  of  the  mirror,  to  obtain  thereabouts  similar 
brightneaa  for  the  surface  of  the  drawing  and  the  field  of  the 
microscope.  For  drawing,  it  is  best  to  use  stiff,  smooth  drawing- 
cards*  and  black-lead  pencils.  In  order  that  they  shall  not  be 
effaced,  finished  drawinga  can  be  washed  over  with  very  dilute 
gnm -water. 

Take  in  this  way  a  sketch  of  the  entire  outline  of  the  cell,  of  the 
protoplasmic  streams  and  the  nuclens,  and  compare  it  after  some 
hours,  to  see  whether  the  form  and  circumstancea  now  correspond. 
As  already  indicated,  we  shall  most  probably  find  that  the  dis- 
tribution of  the  streams  has  altered,  and  that  the  nucleus  has 
changed  its  position  in  the  cell. 

In  order  to  determine  that  in  their  streaming  the  cells  are 
independent  of  one  another,  and  that  the  cell-wall  does  not  in- 
flacnce  the  movement,  allow  a  neutral  but  water- withdi'a wing  fluid 
to  act  upon  the  cell.  Under  the  cover-glass  add  to  the  drop  of 
water  a  little  concentrated  sugar  solution,  or,  better  still,  glycerine. 
Before  long  the  reagent  begins  to  withdraw  the  water  of  the  cell- 
sap,  and  there  results  a  decided  contraction  of  the  protoplasmic 
sac  [i.e.,  the  lining  layer]  into  the  cell.  This  withdraws  from 
particular  places  of  the  cell-wall.  This  contraction  of  the  proto- 
plasmic body  of  the  cell  under  the  influence  of  dehydrating  (i.e., 
water-extracting)  media  is  distinguished  by  the  name  Plasmolysis. 
It  can  be  then  observed,  that  so  long  as  the  contraction  does  not 
become  too  strong,  the  streaming  of  the  protoplasm  still  goes  on, 
even  in  those  parts  where  it  has  withdrawn  from  the  cell-wall. 
Soon,  indeed,  all  movement  in  the  celt  is  arrested.  Yet  in  most 
oases  to  set  it  going  again  it  suffices  to  wash  oat  the  water- 
extracting  reagent  by  means  of  water.  To  this  end  water  shonld 
be  ran  under  one  edge  of  the  cover-glass,  while  the  fluid  under  the 
cover-glass  is  sucked  out  from,  the  other  edge  by  blotting-paper. 
The  protoplasmic  sac  then  again  tends  to  expand  and  reach  the 
cell-wall.  It  not  infrequently  happens  that  Juring  the  contraction 
single  pieces  of  the  protoplasm  separate  themselves  from  the 
cell-body,   and   remain    lying   t^ainst    the   cell-wall    as  rounded 

■  Sucb,  of  «c-'Ueiit  quality  and  suifaoe,  aro  GoodallB  tliio  Bciatol  Boards. 
Ed.] 
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balls.  These  balls  can  also  be  retaken  into  the  expanding  proto- 
plumio  ,»». 

It  is  easy  to  determine  that  duiing  the  contraction  of  the 
contents,  observed  as  above,  the  colour-material  does  not  diffuse 
through  the  living  ppotopiaemic  sac,  and  that  the  coloration  of 
the  cell-sap  becomes  proportionally  more  intense.  ■  The  appear- 
ances in  dead  cells  are  quite  otherwise.  For  enample,  allow 
absolnte  alcohol  to  act  npon  the  hairs,  The  protoplasm  is  imme- 
diately killed,  and  now  the  peculiar  property  of  coagulated  proto- 
plasmic masses,  to  accumulate  colour  materials,  is  set  In  action. 
The  protoplasm  withdraws  from  the  ccU-sap  the  violet  colour, 
and  this  soon  appears  quite  limpid,  while  the  cell-plasm  and  the 
nucleus  stain  deep  violet.  The  violet  colour  can  now  pass  through 
the  protoplasmic  sac,  and  diffuse  in  the  surrounding  fluid. '' 

If  Tradescantia  should  not  be  at  the  disposal  of  the  observer,  other 
hairs  can  be  substituted  for  it.  A  very  favourable  object  is  pro- 
vided by  the  hairs  which  grow  npon  the  youngest  shoots  of  the 
genus  Cucftrbita  [gourd,  pumpkin,  vegetable  marrow,  cucumber, 
etc.].  The  preparation  is  made  by  removing  these  hairs  at  their 
base  by  a  razor,  and  bringing  them  into  a  drop  of  water  on  a  slide. 
The  stronger  hairs  are  multicellular  at  the  base,  and  pass  into 
a  tapering  cell-row  ;  others  bear  multicellular  heads.  The  proto- 
plasmic network  in  the  cells  is  finely  developed;  it  contains  micro- 
somes, and,  though  but  sparely,  lai^e,  green- colon  red  Chlorophyll- 
giains.  The  nucleus  is  lat^,  suspended  by  the  threads ;  it  has  a 
brightly  shining  nucleolus,  and  is  carried  about  hither  and  thither 
in  the  cell. 

A  very  peculiar  object  is  provided  by  the  root-hairs  of  Hydro- 
chant  moreug-rante  [the  I'rogbit],  For  the  investigation  are 
selected  fresh  young  roots  with  stiff  hairs.  The  hairs  are  visible 
to  the  naked  eye.  Cut  off  an  entire  root-point,  and  quickly  place 
it  on  the  slide  in  a  sufficient  qnantity  of  water.  The  cover-glass 
is  laid  on  in  the  usual  way,  and  the  largest  cover-glass  at  oar 
disposal  shoald  always  be  chosen.  In  this  way  the  preparation 
is  made,  although  it  is  true  that,  owing  to  the  not  inconsiderable 
thickness  of  the  object,  all  parts  will  not  be  accessible  with 
stronger  magnification,  because  the  object-glass  will  come  into 
contact  beforehand  with  tho  cover-glass.  These  hair-cells  are 
very  long  and  tubular,  and,  like  all  root-haii's,  unicellular.  Tho 
protoplasm,  which  it  richly  contains,  is  in  active  movement,  but 
there  are  here,  not  numerously  divided  thin  streams,  formed  into 
"  '  See  Qotea  on  page  37o. 
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a  netwoi'k,  but  a  single  Btrong  stream,  moving  round  in  the 
protoplasm  lining  the  wall.  This  kind  of  morement  is  called 
Botation,  to  distinguish  it  from  the  other  kind,  or  Circnlation. 
This  stream,  thus  returning  to  the  same  place,  presents  the 
appearance  of  a  broad,  slightly  spirally  turned  band,  which,  if 
projected  upon  a  plane  would  form  a  very  elongated  figuTe  8. 
The  movement  mnst  not,  however,  be  represented  as  if  the  band, 
aa  a  connected  whole,  were  tnmed  around  inside  the  cell,  for, 
in  fact,  the  neighbouring  parts  during  the  movement  are  con- 
tinually changing  their  reciprocal  position.  The  two  streams 
going  in  opposite  directions  are,  however,  not  in  immediate  juxta- 
position, bnt  are  separated  by  a  narrow  band  of  protoplasm  which 
ia  at  rest.  This  "  neutral  band  "  is  reduced  to  a  very  thin  layer 
of  protoplasm. " 

The  leaves  of  Valluaeria  spiralis  furnish  very  instructive  pre- 
parations for  illustrating  rotation  of  protoplasm.  This  plant  is 
cultivated  in  all  botanical  gardens,  and  very  commonly  also  in 
aquaria  in  rooms  in  houses.  For  investigation  a  strong  leaf  is 
selected,  and  a  section  taken  from  the  lower  part  of  it,  For  this 
purpose  it  answers  best  to  lay  the  long,  narrow  leaf  across  the 
index  finger,  and  to  hold  it  down  on  both  sides  with  the  thumb 
and  middle  finger.  The  surface  section  is  taken  by  moving  the 
razor  parallel  to  the  long  axis  of  the  leaf.  The  aim  should  be  to 
obtain  a  plate  or  "  lamella  "  of  tissue  about  half  the  thickness  of 
the  leaf  [but  if  the  section  should  at  first  sight  appear  too  thick, 
parts  of  it  which  are  sufficiently  thin  for  the  purpose  will  probably 
be  found].  This  lamella  is  laid  on  a  slide,  epidermis  downwards, 
in  a  diMjp  of  water.  Air  clinging  to  it  may  make  some  parts  of 
the  section  useless,  but  others  will  always  be  found  which  admit 
of  undisturbed  observation.  The  streaming  always  goes  on  for 
some  time  before  it  is  discontinued  ;  it  can  be  best  followed  in  the 
wide  elongated  cells  which  form  the  interior  of  the  leaf.  At  low 
room  tenipei'atnres  the  movement  is  sluggish,  but  it  can  be 
hastened  by  slight  warming  of  the  microscope  slide.  The  sti-eam 
circles  around  the  entire  cell,  without,  in  most  cases,  to  any  extent 
deviating  from  its  direction  parallel  to  the  long  axis.  The 
"  neutral  band "  is  pretty  broad.  The  stream  cai'ries  with  it 
green- colon  red  chlorophyll  grains  and  the  nucleus.  The  latter  is 
flattened  into  the  form  of  a  disk.  From  time  to  time  it  comes  into 
eight,  but  as  a  rnle  it  is  concealed  by  chlorophyll -grains.  Not 
infrequently  it  sticks  at  a  turning  point,  then  the  accompanying 
»  See  note  on  page  37a. 
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chloropliyll-grama  also  halt  with  it,  till,  an  instant  later,  all  again 
are  di-awn  into  the  stream.  The  direction  of  the  streaiuing- 
changes  from  cell  to  cell  withont  any  regnlarity.  If  glyceiine  or 
angar  solution  is  permitted  to  act  upon  the  section,  the  proto- 
plasmic Bfto  can  be  seen  to  withdraw  from  the  cell-w»ll,  and  the 
continuance  of  the  streaming  at  the  first  moment  of  contraction 
can  be  readily  made  out. 

The  strongest  protoplaamic  currents  known  id  vegetable  cells 
ore  met  with  in  the  Ckaracex  (Stoneworts).  We  must,  how- 
over,  take  the  genus  Nitella,  for  the  genus  Chara  has  completely 
invested,  and  therefore  opaque,  intemodes,  while  the  internodea  are 
specially  suited  for  the  investigation.  For  observation  we  select  the 
younger  members  of  the  plant,  and  can  state  immediately  that 
the  rotating  layer  of  protoplasm  possesses  a  very  distinct  thickness. 
The  outer  layer  ef  protoplasm  immediately  lining  the  cell-wall, 
in  which  the  chlorophyll -grains  lie,  is  motionless.  The  motion- 
less layer  is  here,  therefore,  comparatively  thick,  while  it  is  in 
general  SO  thin  aa  to  escape  observation.  For  in  all  earlier  investi- 
gated  objects  also  an  outermost  denser  layer  of  protoplasm,  the 
so-called  primordial  utricle  (or  Ectoplasm)  takes  no  part  in  the 
movement.  An  obliquely  mounting  stripe  or  band  on  the  wall  of 
Nitella  is  free  from  chlorophyll  grains  ;  it  attracts  the  eye  by  its 
lighter  coloration.  This  band,  wanting  in  chlorophyll,  marks  the 
nentral  band  in  the  protoplasmic  atream.  It  repeats  here  the 
like  appearance  with  the  root  hairs  of  Sydrockarie,  where  we  fonnd 
the  neutral  band  of  the  protoplasmic  layer  likewise  extremely 
i-edaced.  The  intemodal  cells  of  Gharacem  are  multinnclear,  th& 
protoplasmic  current  carries  with  it  numerous  elongated  nuclei, 
which  it  is  true  show  up  as  brighter  apots  only  in  the  most  faTOTir. 
able  cases.  If  the  piece  ofthe  plant  is  laid  for  12  to  24  hours  in 
1%  solution  of  chromic  acid,  they  can  of  ten  be  very  readily  seen,  and 
their  peculiar  rod-like,  curved,  and  horse-shoe  forms  made  out. 
Kot  to  be  confused  with  these  nuclei  are  the  rounded  balls  which 
are  seen  carried  around  in  the  stream  in  larger  or  smaller  number. 
These  appear  either  smooth  or  with  a  spinous  surface ;  as  to  their 
Kignificance  there  is  uncertainty.  Simultaneously  with  their  for- 
ward movement,  these  balls  are  turned  npon  their  axis,  which 
shows  that  the  rapidity  of  the  stream  is  greatest  by  the  station- 
ary chlorophyll-containing  outer  layer  of  plasma,  and  gradually 
diminishes  towards  the  coll -cavity. 
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Trad^icantia  virginica  ia  a  gaite  hardy  pereDiiial.  and  oan  bs  (srotrn  in  anj 
garden.    It  dies  dovn  in  winter.     Flowering  period,  June  to  Aaguat. —  [Ed.  j 

[tiolet  to  page  35.] 

■  It  is  a  nniversal  rule  that,  bo  long  as  the  cell  lives,  ths  colonring  matters 
dissolved  in  ths  cell-sap  oanaot  diffasa  through  tha  denser  lajer  b;  vhich  the 
protoplflsm  ia  limited  externally. 

'  The  phenomena  which  are  produced  when  the  hairs  of  Trades'antia  are 
laid  in  a  drop  of  10  per  cent,  solution  ol  nitrate  of  potash,  and  then  taken  under 
observation,  are  specially  interesting.  Most  of  the  ceils,  it  is  true,  show  ordinary 
plaamolysis ;  but  cells  will  also  often  be  found  in  which  a  barely  perceptible 
contraction  of  the  plasmic  body  has  ensued,  whereas  the  cell-cavity,  filled  with 
its  violet  cell-sap,  has  collected  together  as  an  independent  Btructore,  In  such 
cases  the  cell-plasma  is  quickly  killed,  with  the  exception  of  the  layer  which 
Burronnda  the  cell-cavity.  This  layer  is  therefore  distinguished  by  its  compara- 
tive independence  and  greater  resisting  power.  At  length  the  cell-oavity  forms 
one  or  several  vacuoles,  filled  with  dork,  violet- coloured  celUsap,  lying  in  the 
disorganised  cell-plasma.  That  the  plasmic  layer  surrounding  the  cell-sap 
remains  living  is  proved  by  its  opposing  the  passage  of  the  colouring  matter. 
It  a  little  watery  eonio  has  been  added  to  the  solution  of  nitrate  of  potash,  the 
dying  ploBma,  together  with  the  nucleus,  is  immediately  stained  red.  (Com- 
pare H.  de  Vries,  "  Pksmoljtische  Studiaa  vi.  d.  Wand  der  Vaouolen,"  in  Jakrb. 
).  Witt.  Bot.,  Bd.  ivi,,  p.  485.) 

[Jfafefopajfr-aS.] 
'  In  winter,  or  in  other  times  in  the  year,  when  Ilydrocharii  cannot  be 
obtained,  it  can  be  replaced  by  Trianr.a  bogatenaia,  a  South  American  Hydro- 
charidean,  cultivated  in  most  botanical  gardens.  The  form  of  the  root-haira 
agrees  entirely  with  that  in  Hydrocha'ii,  as  also  does  the  rotation  in  the  fully- 
devetnped  root-hairs.  The  young  root-hairs,  on  the  other  hand,  show  active 
circulation,  with  abnudantly  branched,  frequently  changing,  currents.  In 
general,  the  streams  in  the  lining-layer  ot  protoplasm  move  towards  the  tip  of 
the  hair,  and  make  their  way  from  thence  as  threads,  which  traverse  the  cell- 
cavity.  Setween  this  circulation,  and  the  definitely  restricted  rotation,  all 
stages  of  transition  can  be  observed.  The  cell-plasina  contains  microsomes, 
besides  pretty  numerous,  strongly  refractive,  globular  bodies,  partly,  perhaps, 
leucoplasts,  and  vacuoles  of  different  sizes.  In  the  cell-sap  are  to  be  seen  more 
or  teas  small  stellate  agglomerations,  probiibly  of  calcium  oxalate,  which  are 
dtivea  about  hiiber  and  thither  by  the  action  of  the  plasmic  streams. 
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CHAPTER  IV. 

CHE0MAT0PH0EE8.    COLOURED  CELL-SAP. 

MiTEEiAi,  Wasted. 

fvnaria  hygromelrica,  or  ProtbaJlia  of  »  Fern.  The  former  (moss) 
very  commonly  grows  on  ground  whicL  has  been  charred,  or 
limestone  walk,  etc. ;  the  latter,  on  pots  and  walls  of  fem-honBca, 

Flowers  of  the  garden  "  ITastnTtium "  {Tropisolian  majw). 

Flowers  of  the  Snapdragon  {Anthrhinum  tnoj-ue). 

Flowers  ot  the  Periwinkle  (Vinca  major  or  mSnoi),  or  other  blue 
flower. 

Flowers  of  the  Larkspur  (De'jiAi'nium  eoiitolidit). 

Fbners  of  Adoait  flammeut. 

Boot  of  Carrot  {Daii«ue  Carota). 

Aatnmnal  leaves  of  Virginian  creeper  {Ampelopiii  hederafea). 

Autumnal  leaves  of  Ginkgo  hiloia(Salisburia  adianlij'olia) ;  or  Maple. 

Flowers  of  the  Mullein  {Veibaeeum  nvp'um). 

Bhizome  of  Iris  germaniea. 

[All  required  fresh.] 

We  have  already  had  an  opportnuity  in  geveral  objects  of  obtain- 
ing an  insight  into  the  atructni-e  and  enclosnree  of  the  chlorophyll- 
grains  or  bodies ;  nevertheless,  we  will  give  onr  attention  some- 
what specially  to  these  stmctnres.  We  select  for  thia  purpose  a 
very  widely  distributed  moss,  which  is  distinguished  by  very  fine, 
large,  lenticular  ChloTophyy-bodies,  and  of  which  the  leaves, 
unilamellar  with  the  exception  of  the  midrib,  permit  observation 
without  further  preparation.  This  moss  is  Funaria.  hygrometrica. 
14'unierons  chlorophylt-bodies  of  considerable  size  are  to  be  seen  in 
every  cell ;  in  plants  which  are  exposed  to  diffused  daylight  they 
are  contiguous  only  to  the  free  cell-walls ;  that  is,  to  those  which 
form  the  upper  and  under  surface  of  the  leaf.*  From  this  they 
present  their  broad  side  to  the  observer.  That  they  are  narrower 
in  profile  we  see  in  the  separate  grains  which  underlie  the  side 
walls.  All  stages  of  division  of  the  chloTOphyll-bodieH  are  easy  to 
find,  and  often  associated  in  the  same  cell  (Fig.  17).  The  resting 
grains  appear  quite  circular;  they  then  become  elliptic,  afterwards 
constricted  in  the  middle  so  as  to  be  shaped  like  a  figure  of  eight, 
'[This  is  conunonlj  known  as  the  position  of  Epiitrapke,] 
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and  finally  completely  divided  across.      The   two  young  ffrains 
remain  for  some  time  still  in  contact.     The  starch-euclostireB  of 
the    chlorophyll -bodies  are,  according    to  their 
varying  sizes,  in  many  leaves  easy,  in  others  dif-  @l3& 

licuU  to  see.     They  are,  however,  always  clearly 
distinguishable  when   the  chlorophyll-bodies  get 
out  of  an  opened  cell  into  the  surrounding  water,        _ 
and  are  there  disoi^nized.     To  this  end  we  out  ^^^ 

a  leaf  with  a  sharp  pair  of  scissors  into  several 
.pieces.  The  starch- grains,  liberated  from  the  phyii-bodi«  trma 
disoi^anized  chlorophyll -bodies,  augment  in  siie,  '*"  '™' °f  ''"""'^ 
and  are  identified  as  such  with  iodine.  On  the  ing  and  in  division, 
other  hand  an  entire  uninjnred  ohlorophyll-body 
is  coloured  brown  with  iodine,  always  as  a  result  of  the  combined 
bine  coloration  of  the  staroh-enclosures,  the  yellowish  brown 
coloration  of  the  protoplasmic  ground -substance,  and  the  green  ot 
the  chlorophyll.  In  order  to  obtain  favourable  iodine  coloration 
of  the  nninjnred  chlorophyll -bodies,  we  take  for  investigation  leaves 
which  have  lain  some  time  in  alcohol,  and  are  thereby  decolorized. 
The  chlorophyll -bodies  now  appear  colourless;  their  starch-en- 
closnres  take  on  the  coloration  by  gradual  entrance  of  the  iodine 
solution,  earlier  than  the  protoplasmic  body.  The  iodine  reaction 
is  still  more  noticeable  if  the  preparation  is  previously  treated 
with  potash,  which  cansea  the  starch-grains  to  swell.  *  This 
last  method  also  permits  the  smallost  quantity  of  starch  in  the 
chiorophyll-bodies  to  be  recognised.  This  succeeds  so  much  the 
more  surely  with  fresh  grains  if  they  are  treated  with  a  solution 
of  five  parts  of  chloral  hydrate  in  two  parts  of  water  ^  to  which 
a  little  iodine  solution  has  been  added  on  the  object-slide.  The 
chlorophyll  is  dissolved,  so  that  in  a  few  minates  the  leaf  appears 
colourless;  simnitaneously  the  chlorophyll-body  swells,  and  also 
the  starch-grains  which  it  contains,  and  these  last  come  out  clearly 
ivith  their  blue  colour.  Leaves  decolorized  with  alcohol  show  also 
very  beautifully,  with  the  same  treatment,  the  blue-stained  starch- 
grains  in  the  chlorophyll-bodies,  while  these  last  are  not  coloured. 
After  the  chlorophyll- bodies  have  been  decolorized  by  alcohol  thoy 
can  be  stained  also  very  well  with  very  dilute  watery  solution  of 
Methyl  violet  or  of  Gentiana  violet.  The  cell  mem.branes  also  are 
always  coloured  hereby,  but  the  chlorophyll-bodies  are  darker,  and 
therefore  stand  out  more  sharply. 

With  stronger  magnification  the  living  ohlorophyll.bodies  of  tho 
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)  finely  punctate,  and  tb.ns  betray  b 


leaf  of  Funaria  appear  to  I 
network  etrnctnre. 

The  same  results  as  with  the  leaves  of  Funaria  are  obtained  with 
Fern  prothalHa,  so  that  the  two  objects  can  mutually  replace  one 
another.  Protballia  are  always  readily  to  be  found  in  plant  houses 
in  which  ferns  are  cultivated ;  any  species  equally  available  for 
this  investigation. 

In  order  to  become  acquainted  with  colonr-bodies  (CbromatO- 
phores)  of  other  coloration,  let  ns  tui-n  next  to  Tropceolum  majus 
[the  so-called  "  Nasturtium  "  of  gardens].  We  choose  for  investi- 
gation flowers  only  just  opened,  because  the  colour-bodies  begin  to 
be  disorganized  in  older  flowers.  Let  us  first  take  surface  sections 
from  the  npper  side  of  the  sepals.  The  preparation  can  also  be 
taken  with  a  fine  pair  of  forceps,  if  these  are  stuck  pretty  deeply 
into  the  tissue,  and  a  strip  torn  therefrom.  The  preparation  is  laid 
in  a  d"3f  of  water,  with  the  epidermis  turned  upwards.  Proceed  at 
'  once  to  the  investigation,  because  the  injurious  aetion  of  water  on 
the  colour-body  makes  itself  felt  immediately.  The  margin  of  the 
section  will  have  suffered  from  the  beginning;  therefore,  cells  that 
are  still  unchanged  should  be  selected  for  more  searching  ex- 
amination. The  colour-bodies  are  yellow 
with  a  shade  of  orange.  They  appear 
spindle-like,  three  or  four  angled  (Pig.  18), 
in  forms  which  border  on  the  crystalline. 
The  unchanged  bodies  are  homogeneous. 
Under  the  influence  of  water  they  swell, 
become  rounded  off,  and  vacuolate ;  that  is, 
hollows  filled  with  water  appear  in  their 
interior.  The  bodies  overlie  in  especial 
number  the  inner  wall  of  the  epidermal 
cells  of  the  upper  side  of  the  calyx.  The 
brown  streaks  on  the  upper  side  of  the 
sepals  proceed,  as  suitable  sections  show, 
from  epidermal  lines,  the  cells  of  which  are 
filled  with  carmine-red  cell-sap.  These 
cells  contain  also  yellow  grains,  which, 
however,  the  coloured  cell- sap  rendeis 
quite  invisible.  In  the  red  cells  the  nu- 
cleus shows  mostly  as  a  clear  spot.  The 
petals  show  analogous  relations;  here  the  edges  of  the  limb,  as 
well  as  the  cilia  at  the  base  of  it,  can  be  used  for  observation 
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in  their  entire  thickness.  The  air  fuJhering  to  the  limb  hinders 
observation,  but  spots  free  from  air  will  always  be  found,  or  can 
be  made  fi'ee  by  light  preaaui-e  on  the  limb.  The  sepals,  however 
always  remain  preferable  for  the  obaeiwation  of  colour- bodies, 
since  the  papillee  interrupt  observation  of  the  petals.  It  is 
evident  that,  with  the  exception  of  the  brown  stripes  on  the 
two  lower  petals,  every  epidermal  cell  of  the  upper  and  nnder  side  ■ 
of  it  is  prolonged  in  its  centre  into  a  blunt  cone,  the  papillae 
already  allnded  to.  These  papillie  are  more  strongly  developed 
on  the  npper  than  on  the  under  side.  They  give  to  the  petals  a 
■velvety  appearance.  The  air  is  entangled  very  strongly  between 
the  papillse.  The  flery-red  spots  at  the  base  of  the  petals  arise 
from  rosy  cell-sap  and  yellow  grannies.  During  the  investigation 
it  will  have  been  noticed  that  the  surface  of  the  epidermal  cells 
of  the  upper  side  is  longitudinally  striate.  The  striations  do  not 
turn  at  the  bouudariea  of  the  individual  cells,  and  are  folds  of 
the  cuticle  which  covers  the  epidermis.  With  watery  solution  of 
iodine  the  colour-bodies  can  be  fixed  pretty  well,  and  take  on  at 
the  same  time  a  green  coloration;  they  are  very  sharply  defined. 
The  nucleus  is  at  the  same  time  coloured  yellowish -brown,  its 
nucleolus  becoming  very  visible.  With  Methyl  violet  or  with 
Gentiana  violet  the  colonr-bodiea  are  colonred  violet. 

The  yellow  colouring  matter  is  almost  always  combined  with  a 
protoplasmic  basis ;  but  isolated  cases  are  present  where  it  is  met 
with  dissolved  in  the  oell-aap.  Let  ns  fix  our  attention  more 
closely  on  such  a  case  in  Verhascttm,  nigrum.  We  can  examine  the 
petals  in  water  without  further  preparation;  but  here  also  we 
must  remove  the  adhering  air,  even  if  only  partially,  either  by 
pressure  or  under  the  air  pump.  The  epidermal  cells  of  both 
upper  and  nnder  side  have  undulating  (sinuous)  outlines;  the 
yellow  colour  of  their  cell-sap  is  at  once  noticeable.  The  brown 
spots  at  the  base  of  the  petals  arise  from  a  cell-sap  coloured  from 
purplish  to  brown.  In  the  epidermis  of  the  staminal  filaments, 
from  which  lamellfB  can  be  easily  cut  with  the  razor,  we  see 
also  a  yellow  sap ;  but  besides  this  there  is  in  each  cell  also  a 
cinnabar-red  irregular  lump  of  colour- material,  and  a  number  of 
colourless  leucoplasts  filled  with  starch-grains. 

Similarly  it  can  be  at  once  determined  that  the  yellow- coloured 
parts  of  the  lower  lips  of  the  corolla  of  Antirrhinwrn  -majui  (the 
Snapdragon)  contain  a  snlphur-yellow  sap  in  their  cells  ;  the 
parts  coloured  red  have  a  rosy  cell-sap  and  here  and  there  one, 
seldom  more,  carmine-red  balls  of  colour- material. 
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In  the  epidermis  of  the  corolla  of  Vinca  major  or  F.  minor  (the 
Periwinkle)  we  find  a  bine  cell-sap.  The  epidermal  cells,  especi- 
ally of  the  upper  side,  are  swollen  out  into  papillse.  The  epidei-mis 
of  either  side  can  be  readily  torn  off  with  the  forceps.  The  side 
walls  of  the  epidermal  cells  show  ridges  projecting  into  the  cell 
cavity  (Fig.  19),  often  swollen  at  their  edges,  so  that  they  can 
even  spread  out  into  a  T-form,  and,  on 
account  of  the  stronger  refraction  of  their 
outer  surface  and  the  weaker  refraction 
in  the  interior,  quite  give  the  impression 
of  folds. 

We  see  a  red  cell-sap  in  the  petal  of  a 
rose.  Here  also  the  epidermis  can  be 
readily  removed  from  either  side.  The 
npper  side  has  pretty  strongly  developed 
papillie,  and  therefore  appears  bo  beauti- 
fully velvety.  The  cuticle  shows  strongly 
marked  striation. 
In  the  blue  sepals  of  ]}elpkinium  congolida  (the  Larkspur)  we 
find  the  epidermis  of  both  upper  and  under  sides  composed  of  cells 
with  sinuous  outlines.  The  epidermal  cells  of  the  upper  side  are 
elevated  in  their  central  part  each  to  a  papilla.  The  caticular 
striations  mount  on  all  sides  of  this  papilla,  bo  that  by  focussing 
the  microscope  at  the  mid-height  of  the  papillte,  snn-like  figures 
arise.  The  cells  contain  a  blue  cell-sap,  somewhat  shading  into 
violet,  besides  also,  in  many  cells,  bine  stars,  which  consist  of 
short  needles  of  crystallized  col  our- substance.     The  epidermis  can 


Fis.  IB.— An  epirtctmnl  call 
frdka  tbe  under  Bide  of  the 
petal  of  rinca  mfngr  ( xtID). 


the  sepal  is  sufficiently 
permit  examination  at  the 

be  easily  multiplied. 
!  and  red  flowers ;    so 
s  the  contents  of  the  bright 


be  removed  io  small  pieces ; 
transparent,  after  removal  of  the  aii 
edges  through  its  entire  thickness. 

Examples  of  blue  and  red  cell-sap  « 
Sach  are  almost  always  met  with  in  I 
moch  the  more  remarkable,  therefore,  i 
red  flowers  of  Adonis  Jlammeus.  In  Adonis  also  the  preparatioi 
can  be  removed  with  the  forceps.  In  the  epidermis  we  see  beau- 
tiful red,  from  nearly  round  to  elliptic,  grains ;  these  are  com- 
paratively lai^e,  and  attain  the  size  of  chlorophyll-bodies.  They 
appear  finely  granular,  and  in  water  separate  qnickly  into  very 
small  grannies,  which  show  molecular  movements  ["  Brownian 
movenient"].  The  epidermal  cells  are  elongated;  their  cuticle 
longitudinally  striate ;  the  striie  are  clearly  continued  over  the 
limits  of  the  cells. 
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The  root  of  DauciM  carota  (the  Carrot)  furnishes  a  very  inter- 
esting object.  The  orange-red  colonr  of  this  root  arises  from 
carmine  and  orange-red  colour- bodies,  'which  possess  thronghont  a 
crystalline  form.  The  most  common  shapes  are  found  collected 
in  Fig.  20.  They  ore  small  rectangulai'  plates  or  rhombs,  the 
rhombs  often  acicularly  elongated,  and 
]>rism9  of  difEerent  lengths,  often  broadened 
out  at  one  end  to  the  shape  of  a  fan.  Snoh 
crystalline  formations  have  often  small  nni- 
laterally  projecting  starch-grains  attached 
to  them;  therefore,  these  crystalline  strnc-  ^ 

tnres  must  be  placed  in  the  same  category       tt  jj  j 

with  chlorophyll  and  other  colonr -bodies.  ^       [±t 

The     colon  r-mat«rial     which     crystallizea 
out  is    hei-e,   however,   what   decides  the 
shape.      Only  a   small  quantity  of  proto- 
plasm  adheres    to  the    crystal,  and  from  J 
I  his,    therefore,    the     starch -grains      also 

"  Fio.    20.  -  Cotour.boiie> 

"rise.  trom  the  root  oE  the  Carrot. 

If  we  examine  also  one  of  the  variegated  PaniJ  "«*  icarob.grftim 
forma  of  our  shruba   or  trees,  or  else  an 

herbaceous  plant  with  leaves  coloured  reddish -brown,  we  see  that 
the  cells  of  the  epidermis  contain  a  rosy  cell-sap,  and  that  there- 
fore the  joint  action  of  the  red  of  the  surface  and  the  green  of  the 
interior  gives  the  reddish-brown  compound  colour. 

As  to  the  autumnal  coloration  of  the  Virginian  creeper,  Ampe- 
lopeis  hederacea,  we  can  decide  that  the  rose-coloured  cell-sap 
arises  in  the  cells  of  the  internal  tissue,  and  not  of  the  epidermis. 
The  distinctive  yellow  antnmn  coloration  of  leaves  depends  on 
the  yellow  coloration  of  the  disorganized  chlorophyll-bodies,  as  is 
shown  in  the  most  beautiful  way  in  the  leaves  of  Ginlcgo  hiloba 
{^Salisburia  odiaTitifolia],  or,  failing  this,  those  of  the  various 
species  of  Maple.  The  autumnal  brown  coloration  of  leaves  arises 
from  a  corresponding  coloration  of  the  cell- walls,  chiefly,  however, 
of  the  cell-contents,  as  is  easy  to  determine  in  the  case  of  the 
Oak. 

The  starch-grains  are  found  in  specially  individualized  proto- 
plasmic structures.  We  have  already  learned  to  know  the  chloro- 
phyll-bodies  as  such,  also  the  colour-bodies  in  which  starch-grains 
are  often  present;  and  lastly,  we  have  already  made  reference  to 
the   colom-leaa    starch-builders.       Upon  these   last   devolves  the 
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formntioa  of  staj-ch  in  the  deeper  layers  of  the  body  of  the  plant. 
We  can  comprise  all  three  etructnrea  nnder  the  natne  of  Chroma* 
tophores,  and,  farther,  distingnish  the  chlorophyll-bodies,  colonr* 
bodies,  and  colourless  starch-bnildera  as  Chloroplasts,  Chiomo- 
plasts,  and  Lsilcoplasta  respectively.  These  atmotnres  are  nearly 
related,  and  can  pass  over  into  one  another.  They  all  belong  to 
the  protoplasm  of  the  cell,  and  lie  embedded  therein.  On  the 
other  hand  the  bine  stars,  which  we  fonnd  in  the  cell-sap  of 
Delphimum  consolida,  do  not  belong  to  this  ;  they  only  represent 
colonr- material  crystallized  out  from  the  cell-sap,  and  are,  like 
the  lumiffl  of  coloar-material  which  we  found  in  the  red  cell-sap 
of  Verhatcwn  nigram,  not  to  be  i-eckoned  amongst  the  chromato- 
phore.. 

The  largest  and  moat  beantiful  atarch-grains  are  produced  by 
lencoplasta ;  bnt  each  lencoplasta  are  not  exactly  easy  to  see.  A 
comparatively  favourable  object,  and  one  not  difBcnlt  to  obtain, 
is  fnroished  in  the  rhizome  of  iris  germanica.  Surface  Bcctions  of 
this  are  made  parallel  with  the  surface  of  the  rhizome.  The  outer- 
moat  layer  of  tiaane  ia  removed,  and  to  this 
^^  succeed  the  stai-ch  layers.     The  observation 

M  ^  is  best  made  in  water.     In  uninjured  cells 

e9i       ^  the  lencoplaata  appear  as  collections  of  pro- 

#^^^      toplasm  at  the  hinder   end   of  the   starch- 
^^  grain  (Fig.  21).     These  latter  increase  only 

'S^  at  this  end,  and  have   a  proportionally  eo- 

e>a  iiiih'~BiarohBia(ns  ceutric  structure.  The  lencoplasts  appear 
ttom  the  tiiiionie  at  irit  granular  to  the  eye  of  the  observer,  and 
j.rman       x  separate  at  length  into  Smaller  grains,  which 

show  molecular  movement  [Brownian  movement].  Two  starch- 
grains  on  one  leucoplast  ia  a  not  infrequent  appearance.  After 
further  development  such  grains  presently  come  into  mutual  con- 
tact, and  receive  thenceforth  layers  which  are  common  to  the  two. 
These  and  similar  phenomena  lead,  here  and  in  other  cases,  to  the 
formation  of  compound  starch-grains. 


NOTES   TO  CHAPTER  IT. 

1.  Boehm'a  method.     SiHangsber.  d.  K.  A.  d.  W.  in  Witn,  Bd.  XXII.  p.  4 

2.  AccoidinR.to  A.  Meyer,  Dot  Clilorophijltkom,  p.  28. 

8.  A.  F.  W.  Sohimper.     Bot.  Ztituas.  iSS0,eo\.8dl;   1811,  col.  I8S;  18SS 
105.  and  809.      A.  Me;er,  Dai   Chiorophyliltom,   Hot.   Zeitung, 
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TISSUES;   THICKENING  OF  THE  WALLS;   EEACTION  FOR   SCGAIt; 
INULINB,  NITRATB8,  TANNIN,  LIGNIN. 

Material  Wabted. 

White  Beetroot  {Beta  uiiipam).    Fresh. 

A  ripening  Pear.    Fresh, 

Tuber  of  Dahlia  (D.  vanobiUi).     Fresh. 

Tuber  of  Dahlia  placed  iu  meth,  spirit,  in  or  about  October. 

Oak-apples  or  Oak-galla.    Fresh  and  dried. 

Twig  of  Willow  (e.g„  Snlix  caprea).     Fresh. 

Stems  of  Periwinkle  {Vtnca  major).  Fresh,  cut  off  close  above  the 
ground. 

Seeds  of  Oimlhogalum  ap.  such  as  0.  'umbellalvm,  the  Star  of  Beth- 
lehem. 

Seeds  (atones)  of  Date  (PAceiiw:  dactylifera). 

Old  Pine  wood  of  any  kind,  preferably  the  Scotch  Fir  (Pinus  eyhes- 
trit).     Dry,  or,  better,  in  alcohol. 

We  commence  with  the  white  Beetroot  (Beta  vulgaris).  A  small 
piece  of  tissue  is  taken  from  the  fleshy  root,  and  from  this  is 
made  a  microscopical  preparation.  We  choose  as  best  for  ex- 
amination a  radial  longitudinal  section,  i.e.,  therefore,  a  section 
which  is  taken  parallel  to  the  long  axis,  in  the  direction  of  the 
radius.  This  section  cuts  at  right  angles  the  concentric  rings  of 
the  root,  visible  to  the  naked  eye.  Examined  in  water,  this 
section  shows  us  more  or  less  rectangular  cells,  filled  with  a 
watery,  colourless  fluid.  On  the  walls  of  these  cells  we  notice 
also,  here  and  there,  larger  and  smaller,  brighter,  round  or  oval 
spots,  which  indicate  shallow  pits  i.e.,  local  thin  places,  or 
hollows,  in  the  wall.  In  individual  cells  the  nucleus  is  visible. 
The  intercellular  spaces  are  usually  filled  with  air,  appearing 
black.  In  isolated  parts  of  the  preparation,  the  parenchymatous 
cells  are  narrower,  elongated  parallel  to  the  long  axis  of  the 
root;  between  them  are  visible  long  tubes  usually  filled  with  air. 
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which  are  distingniahed  by  a  characteristic  thickening  of  their 
walls.  These  tabes  are  vesBels.  The  thickening  of  their  walla 
is  a  network  of  pits  [reticulated]  ;  that  ia,  the  wall  shows  thicken- 
iog  bands  combined  into  the  form  of  a  net,  between  which  lie 
unthiokened  places.  These  Tinthickened  plaoes  or  pita  are 
elongated  across  the  longitudinal  direction  of  the  vessels.  Where 
the  section  has  opened  a  vessel,  there  can  be  seen  in  it,  from 
time  to  time,  annular  (ring-like)  thickenings,  which  project  into 
the  interior  of  the  cells.  These  are  the  diaphragm-like  remains 
of  originally  complete  partition  walls,  and  from  these  remains  it 
will  be -seen  that  the  vessel  haa  proceeded  from  a  row  of  cells. 
The  air  present  in  the  vessels  often  disturbs  the  examipation  ;  it 
can  be  got  out  with  the  air-pomp.  When  an  air-pump  is  not 
at  our  disposal,  we  can  endeavour  to  remove  the  air  by  laying 
the  preparation  in  freshly  boiled  water.  It  is  more  qnickly 
attained  by  a  short  immersion  of  the  preparation  in  alcohol.  It 
is  true  that  by  this  the  contents  of  the  cells  are  killed ;  for  tho 
foregoing  observation,  however,  this  is  not  of  consequence. 

Here  and  there  also  in  the  preparation  we  come  across  particu- 
lar cells,  which  are  closely  filled  with  small  clinorhombic  crystals, 
and  appear  almost  black.  These  crystals  consist  of  oxalate  of 
lime.  In  order  to  prove  this,  we  allow  acetic  acid  to  act  upon 
them,  and  determine  that  they  are  insoluble  in  it.  Into  another 
preparation  we  run  sulphnric  acid,  and  the  crystals  are  quickly 
dissolved.  The  quantity  of  sulphate  of  lime  formed  is  so  small 
that  it  remains  dissolved  in  the  surrounding  fluid. 

The  structural  relations  of  the  cells  in  the  Beetroot  show  up 
still  more  beautifully  and  distinctly  if  the  section  is  treated 
with  a  watery  solution  of  aniline  green  or  of  acetic  aniline 
green.  In  both  cases  the  cell-walls  are  beautifully  stained  green; 
in  the  latter  case  the  nucleus  also  ia  "  fixed  "  and  quietly  stained. 
The  walla  of  the  parenchymatous  cells,  and  of  the  vessels,  are 
alike  stained  bluish-green.  The  surface  of  the  pita  in  the  walls 
of  the  parenchymatous  cells,  on  the  other  hand,  is  not  stained, 
and  these  therefore  now  show  up  more  clearly ;  they  are  places,  in 
the  otherwise  not  greatly  thickened  cell-walls,  which  have  remained 
thin.  Each  parenchyma- cell  contains  nucleiiB,  provided  with  a 
distinct  aucleoltu,  and  surrounded  by  minute  leucoplaets,  and  a 
thin  lining  ["peripheral"]  layer  of  protoplasm.  The  vessels  con- 
tain neither  nuclei  nor  plaamic  contents.  If  chlorzinc  iodine  is 
added  to  a  section  lying  in  water,  a  characteristic  violet  ceIInIos&- 
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roactioiL  is  soon  set  up.     The  coloration  begins  at  the  edges  of 
the  section,  but  is  often  not  complete  for  hours.     The  walls  of 
the  vessels  do  not  st-ain  violet,  but  brownish-yellow  ;  they  hehave 
likelignified  membranes.     On  the  walls'of  the  cells,  the  surfaces 
of  the  pits  once  more  remain  anstained,  and  stand  ont  specially 
distinctly.      These  pit-surfaces  are  always  ronnded,   of  vaiiable 
size,  and  irregularly  distributed,  singly  or  in  groups.     Large  pit- 
snrfaces  are  traversed  by  violet  strise  of  various  breadth  ;  they  are 
formed  into  compartments  by  them,  and  give  the  impression  of  an 
irregular  lattice.       Bright  granules,  coloured  yellow-brown  by  the 
chlorainc  iodine,  adhere  in  larger  or  smaller   quantity  to   the  pit- 
STirfacea.     For  the  purpose  of  comparison  we  proceed  now  to  the  " 
cellulose  reaction  with  iodine  and   sulphuric   acid.     The  section 
is  first  impregnated  with  iodine  solution,  best   with  potassium- 
iodide  iodine    solution,   and    afterwards    transferred    to    diluted 
sulpharic   acid    (English),  in  the  proportions  of  2  volumes  acid 
to  1  volume  water.       It  commences   at  once,   from    the    edges 
onwatMls,  to  indicate  the  action ;  the  section  assumes  a  beautiful 
blue  colour.    The 
lesser    pits    hero 
also   remain    un< 
co.loured  ;     the 
lai^er    ones    ap- 
pear latticed  with 
bine; 

We     further 
prepare  a  section 
from   a"  ripening 
Pear.     Constitut- 
ing  the   pulpy 
flesh  of  the  fmit 
appears  here  also 
a    regular    thin- 
walled  parenchy- 
ma of  large  cells,  Fih.  iS.— From  tha  aosli  of  the  trait  ol  the  Poor.    Strongly- 
more      or      lees 
rounded    at  ■  the 
angles.      These  colls  contain   colourless  cell-sap,  a  very  reduced 
plasma-sac,  and  a,  nucleus.     Scattered  in  the  tissue  are  found  nests 
of  strongly- thickened  cells  (Pig-  22j .   The  number  of  the  stone  cells 
so  united  is  varied  from  part  to  part,  and  according  to  the  kind  of 
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.  jw'ar.  They  form  the  so-called  "grit"  of  the  pear.  The  cells  are 
distinguished  by  the  considerable  thickness  of  thefr  walls,  and  by 
the  aamerons,  fine,  branched  pore-caiuila  [canalicnli].  The  branch- 
ing arises  from  the  diminution  of  the  number  of  the  pore-canala 
proportionally  as  the  cavity  of  the  cell  becomes  smaller  by  the 
great  increase  in  thickness  of  the  walls,  so  that  they  open  into 
the  cell-cavity  as  common  canals.     Where  two  thickened  cells  are 

-  in  contact,  it  can  be  determined  that  the  pore-canala  correspond 
in  position  with  one  another.  la  their  perfected  condition,  in 
which  they  here. appear  tons,  these  cells  no  longer  contain  living 
cell -contents,  bnt  only  a  Watery  fluid.  They  represent,  therefore, 
only  dead '  cell-cases.  After  treatment  with  chlorainc  iodine,  the  . 
thin  parenchyma-«ells  take  on  gradnally  a  violet  coloration,  the 
strongly  thickened  cells  become  yellow-brown.  These  latter  are 
therefore  lignified  and  belong,  on.  account  of  their  strong  thicken- 
ing and  lignification,  to  the  Bclerenchyma  or  mechtmicM  tissoc. 
The  structural  relations  of  the  thickened  cells  become  especially 
clear  under  treatment  with  chlprziac  iodine. 

We  will  use  the  flesh  of  the  peaj-  in.  order  to  learn  bo  know  the 
micro-chemical  reactions  for  gi^;ar.^  That  most  commgniy  used  is 
with  Fehling'a  solution.  This  is  prepared  with  sulphate  of  copper 
and  potassio-sodic  tiirtrate  ia  water.  The  proportions  are  34'64  ' 
gram,  pure  sulphate   of    copper   with    200    gram,    potassio-sodic 

-  tartrate  dissolved  in  water.  This  solution  can  be  preserved.  In 
order  to  use  it  we  add  600  ccm.  soda  ley  of  specific  gravity  1-12, 

'  and  dilate  it  to  I,OUO  ccm.  This  solution  is  heated  'to  boiling. 
The  section  ia  which  the  reaction  is  to  be  produced  should  not 
be  too  thin,  should  contaia-at  least  two  layers  of  nninjured  cells, 
and  natui-ally  should  not  have  previously  been  laid  in  water. 
Immerse  the  section,  holding  it  with  the  forceps,  in  the  boiling 
solution,  and  the  section  is  coloured  a  beautiful  vermilion-red. 
The  reaction  comes  out  in  full  beanty  after  two  secojids.  Under 
the  microscope  we  can  see  in  the  cells  the  vermilion-red  precipi-  _ 
tato  of  reduced  protoxide  of  copper.  There  is  therefore  present 
in  the  cells  of  the  pear  a  aabatauce  which  reduces  the  alkaline 
copper-oxide  solution,  a  bodyfromthe-grape-sugar  group  (Glucose), 

'    in  this  special  case  gtape^ngar. 

i*or  comparison  we  repeat  the  eiperiment  with  a  section  of 
Beetroot.  This  contains,  as  is  known,  a  body  from  the  cane-sugar 
group,  viz.,  cane-sugar.     Immersed  for  two  seconds  in  the  boiling 

'   fluid,  it  shows  no  precipitate  ia  the  c::>Is  ;  the  section,  examined 
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-  microscopically,  hag  &  blue  coloration^  If  the  section  is-  kept  for 
a  longer  time  in  tlie  Feeling's  solution,  it  begins  to  colour  ver- 
milion-red on  the  surfaces  also.  The  cane-sugar  is  inverted,  and 
now  gives  the  protoxide  precipitate.  Under  the  microscope  the 
outer  layers  of  cells  show  now  vermilion-red  grains,  while,  in 
case  the  action  has  not  beeu  too  long  continued,  the  inner  cells 
still  contain  a  bine  flnid. 

Very  much  recommended  also  tor  microscopical  purposes  is 
Barfoed's  sugar  reaction  ^  with  acidulated  acetate  of  copper.  This 
solution  is  prepared  by  dissolving  1  part  of  neutral  crystallized  ace- 
tate of  copper  in  15  parts  of.  water.  To  200  ccm.  of  this  solution 
is  added  5  ccm.  of  an  acetic  acid  which  contains  36  per  cent,  of 
glacial  aK;etio  acid.  In  a  test-tube  which  holds  from  5  to  8  ccm. 
of  this  solution  we  allow  a  section,  not  too  thin,  of  the  Pear,  and 
in  another  similar  teat-tube  a  section  of  the  Beeti-oot,  fco  boil  for  a 
short  time.  The  fluid  in  question,  together  with  its  section,  is  then 
poured  out  into  a  small  evaporating  dish,  and  allowed  to  stand. 
After  some  hours  we  find  the  section  of  the  Pear  covered  with  a 
fine  precipitate  of  protoxide  of  copper,  and  likewise  a  little  of  the 
same  precipitate  in  the  evaporating  dish,  while  the  section  of  the 
Beetroot,  as  can  readily  be  seen  under  the  microscope,  is  free  from 
the  adhering  precipitate,  and  this  is  wanting  also  in  the  evapo- 
rating dish.  The  result  of  the  reaction  should  be  observed  after 
some  hours,  as  after  a  longer  time  a  very  small  precipitate 
re-oxidizes  in  the  air,  and  can  then  dissolve. 

We  will  lastly  again  use  the  Beetroot,  in  order  to  learn  to  know 
the  micro- chemical  reactions  for  nitrates  and  nitrites  by  means 
of  diphenylamiue.^  This  reagent,  u»ed  by  the  chemist  for  the 
detection  of  very  small  quantities  of  nitrates  and  nitiites,  performs, 
moreover,  first-rate  service  for  histological  purposes.  We  prepare 
cross  or  longitudinal  sections  through  the  Beetroot,  taking  care, 
however,  that  the  sections  extend  to  the  surface.  These  sections 
we  allow  with  advantage  to  previously  become  somewhat  dry  on 
the  object-slide,  and  then  first  add  the  reagent.  We  use  005 
gram  dipbenylamine  in  10  ccm.  pure  sulphuric  acid.  Immediately 
after  the  addition  of  this  a  deep  blue  coloration,  formation  of  ani- 
line-blue, shows  in  the  outermost  zone  of  the  section.  This  zone 
contains  the  youngest  tissue  of  the  root,  still  in  course  of  develop- 
ment ;  it  is  this,  therefore,  which  contains  the  nitrate.  From  the 
parts  coloured  blue  the  colour  quickly  flovvs  over  the  rest  of  the 
preparation,  but  in  the  first  moment  of  the  reaction  the  coloured 
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zone  is  quite  sharply  delimited.   Ab,  however,  in  plants,  as  analyEon 
of  sap  show,  the  question  is  commonly  of  a  nitrate,  seldom  of  a 
nitrite,  we  can,  therefore,  from  the  resulting  reJU'.tion,  conclnde 
with  greater  probability  that  it  ia  a  nitrate.     If,  instead  of  the 
somewhat  dried  section,  a  fresh  one  is  nsed  for  the  reaction,  the 
colonr-body  which  is  formed  ia  difEnsed  far  more  rapidly  in  the 
STUTounding  tissne,  and  the  coloured  zone  is  less  sharply  delimited. 
Ab  the  next  object  of  investigation  we  choose  the  tubers  of  the 
Dahlia  (D.  variabilii).     The  tuber,  halved  longitudinally,  allows 
one  readily  to  recogniae  the  central  pitb.     A  longitudinal  section 
prepared  fix)ak  thia  shows  under  the  mici-oscope  more  or  less  rec- 
tangular colls,  arranged  in  longitudinal  rows  (Fig.  23),  with  very 
reduced    protoplasmic    sac, 
with  nucleus,   and  coloar- 
less   eel  I -sap.       The   inter- 
cellular   spaces    are    filled 
with    air ;     the    cell-walls 
finely   striate.       The  striBs 
are  oblique,  to   the  extent 
of  from  36°  to  40°.     We  be- 
lieve  that  we  can  see  two 
diagonally  opposed  systems 
of  strite  in  the  same  plane ; 
this    is    explained    by    the 
comparatively  small  thick- 
ness of  the  walls.     In  fact, 
~  the  two  opposing   systems 

?.o.  M.-rmm  tij^^pith  of  D.w»  ™ri-Mii.  „f  ^^^^  belong  to  the  Walls 

of  two  contiguous  cells  re- 
apectively,  as  can  be  determined  especially  at  the  free  edges  of 
the  section.  With  chlorzino  iodine  the  cell  walls  soon  colonr 
violet ;  where,  however,  two  strias  come  less  closely  together,  a 
colourless  line  can  be  seen  between  them.  The  parts  of  the  wall 
which  remain  unthickened  are,  just  like  pit-surfnces,  not  colonred 
by  the  chlorzinc  iodine  solution.  Especially  clearly  show  up  in- 
dividual comparatively  larger  rhombic  places  as  pits.  Such  pits 
lio  alwaya  at  the  crossing  places  of  two  broader  lines  of  separation. 
A  cross-section  of  the  same  tissue  shows  also  on  the  end  walls  of 
the  cells,  which  we  then  see  in  surface  view,  no  appearance  of 
striation.     It  shows  only  here  and  there  larger  rounded  pits.  " 

If  the  section  is  laid  in  absolute  alcohol  there  arises  in  the  cell- 
sap  a  fine  piecipitate  of  Inuline.     Beplace  the  alcohol  by  wattr, 
"  See  note  on  page  60. 
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Bud  warm  the  object-alide  over  a  spirit  flame,  and  the  precipitate 
tB  again  diaaolved.  In  order  to  stadj  the  innline  in  the  shape  of 
■pluBro-CTystalB,  which  it  forms,*  we  examine  best  pieces  of  tubers 
which  have  been  placed  in  spirit  at  least  eight  days  before  We 
examine  the  section  best  in  water,  and  daring  the  examination 
allow  nitric  acid  very  slowly  to  enter.  The  sphasro  crystals  (Fig. 
24)  are  found  always  on  the  cell-walls.  They  form  more  or  less 
perfect  balls.  The  hall  can  be  traversed  by  one  or  by  several 
cell-walls.  Usnally  several  variously  sized  balls  form  together  a 
larger  gronp.  The  balls  allow  more  or  less  clearly  a  i-adial 
stractare  to  be  recognised  ;  this 
stmctnre  comes  out  more  sharply 
when  the  nitric  acid  begins  to 
work ;  it  arises  from  radially  ar- 
ranged needle-shaped  (acicnlar) 
crystala,  which  compose  the 
ball.  Besides  the  radial,  a  con- 
centric stratification  is  also 
usually  ■visible,  which  is  to  be 
conceived  as  the  expression  of 
variations  in  the  conditions  of 
crystallization.  Iodine  solution 
produces  no  coloration.  If  the 
sphffiro-crystals  are  warmed  in 
a  drop  of  water  on  the  object- 
slide  they  qnictly  vanish.'' 

In  order  to  demonstrate  the 
tannin-reaction  upon  a  typical 
object,  we  turn  to  the  gall-apple 
or  oak-gall,  as  it  is  to  be  found 
upon  the  leaves  of  our  oaks. 
These  gall-apples  are  due  to  the 
puncture  of  the  oak-gall  insect  \^Cynips  quercij,  which  lays  an  egg 
in  the  punctured  tissue.  We  halve  such  a  gall-apple  while  still 
young,  and  find  on  delicate  radial  sections  taken  from  this  that 
the  interior  hollow,  occupied  by  the  larva  of  the  cynips,  is  sur- 
rounded by  a  shell,  which  consists  of  i so-diametric,  rounded  cells. 
These  contain  usually  abundant  starch -grains,  becoming  blue  with 
iodine.  The  tisane  following  on  to  this  inner  portion  is  formed  of 
radially  elongated,  polygonal  cells,  which  diminish  in  length  at 
the  periphery  of  the  gall-apple,  and  finally  end  under  the  small- 
'  See  note  on  page  60, 
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celled  ontermoBt  lajer,  the  epidermis,  the  cells  of  which  aro 
Btrongly  thickened  oatwardly.  This  entire  tissue,  snrroandiug 
the  inner  shell,  shows  no  enclosures  of  definite  form.  If,  however, 
we  lay  a  freshly.prepared  sectioa  in  a  drop  of  watery  chloride  on 
sttlphate  of  iron  solution,  we  see  that  it  colours  throughout  its 
entire  mass  of  a  da.rk-blae  colour.  This  coloration  is,  moreover, 
communicated  to  the  surrounding  fluid,  and  prodncea  for  us,  there- 
fore, the  iron  reaction  for  tannin,  in  its  iron-bluB  form,  while  there 
.  is  also  aa  iron-green  form.  If  the  action  is  obnerved  under  the 
microscope,  by  allowing  iron-solution  to  run  into  a  dry  section 
laid  nnder  a  cover-glass,  we  see  that  first  a  fine  dark-blue  precipi- 
tate is  formed,  which,  however,  is  soon  again  dissolved  in<  the 
reagent,  so  that  now  a  blue  fiuid  fills  the  celts.  The  weakest 
tannin  reaction  is  given  bj  the  starch-containing  cells  of  the  inner 
shell.  For  comparison,  let  ns  now  lay  a  second  section  in  a 
watery  solution,  about  10%,  of  bichromate  of  potash,  and  we  see  a 
dense  floccnlent,  l^d-brown  precipitate,  which  also  persists,  formed 
in  the  tannin -containing  cells.  Lastly,  let  ns  place  a  section  in  a 
concentrated  solution  of  molybdate  of  ammonia,  in  concentrated 
ammonium  chloride,  and  an  abundant  reddish-brown  precipitate 
appears  in  the  cells.  This  reaction  will  decide  in  donbtfal  cases, 
becaose  those  preceding  can  also  proceed  from  other  reducing 
bodies.  The  fibro-Tasid  bandies  which  traverse  the  oak-apple  vre 
will  leave  unnoticed,  and  also  pass  over  other  structural  relations, 
because  we  have  only  taken  this  object  in  order  to  see  a  typical 
tannin  reaction.  Sections  of  dried  gall-apples  also  give  the  above 
reactions,  though  less  beautifully, ' 

In  order  to  get  the  iron-green  tannin  reaction,  we  take  a  willow 
twig,  say  from  Salix  caprea,  remove  with  the  razor  the  outer  green 
layer  of  bark,  and  then  take  a  delicate  tangential  section  from  the 
green  tissue  of  the  cortex  ;  lay  it  in  a  drop  of  chloride  of  iron  solu- 
tion. The  section  shows  ns  mostly  rectangnlar  cells,  somewhat  elon- 
gated in  cross  direction,  with  walls  pretty  strongly  thickened,  and 
with  simple  pits.  These  cells  contain  chlorophyll-grains,  and  moat 
of  them,  especially  in  winter,  have  each  a  white  strongly  refrac- 
tive rounded  mass  of  cell  contents,  sharply  defined,  and  filling  the 
entire  cell  cavity.  Other  isolated  cells  contain  a  dark.looking 
stellate  crystal  of  calcium  oxalate,  of  which  we  shall,  howevei-,  have 
an  opportunity  later  of  making  a  closer  esamination.  The  strongly 
refractive  masses  of  cell-contents  contain  tannin.  As  soon  as 
the  action  of  the  iron  chloride  on  the  strongly  re&-active  masses  of 
•  See  note  on  page  COa. 
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ell  o  t  tits  has  commenced,  these  become  giTimous,  and  take  du 
an  ol  green  to  brown-green  colour.  In  iron  snlphat*  these 
ma  s  be  me  still  browner ;  in  potaesinm  bichromate  they  give 
a  ddi  h  b  own  precipitate ;  in  ammonium  moljbdate  dissolved 
in  strong  ammon.  chloride,  a  yellow-brown  grumouB  precipitate. 
With  twigs  of  the  alder  (Alnus)  the  same  results  are  produced. 

If  a  strong  stem  of  Vinca  ■mayor  [the  Periwinkle],  cut  off  clo.se 
above  the  ground,  is  broken,  we  flee  from  tbe  edge  of  the  broken 
surface  numeroua  small  fibres  project.  We  seize  a  number  of  such 
fibres  with  the  forceps,  draw  them  out,  and  place  tbem  in  a  drop 
of  water  on  an  object-slide.  Under  the  mici'oseope  they  appear 
to  ns  as  long,  strongly-thickened  sclerenchyma-fibres,  tapering  at 
both  ends.  The  cavity  is  reduced  to  a  narrow  canal,  which  is  en- 
tirely obliterated  at  both  ends  of  the  fibre.  lu  slightly-thickened 
fibres  the  wall  appears  striate  in  one  direction  only.  In  more 
strongly -thickened  fibres  there  are  two  oppositely  oblique  systems 
of  strife,  of  which  one  belongs  to  the  outer,  the  other  to  the  inner 
system  of  wall-layers  [complex  of  lamellte].  Lastly,  in  still  older 
sclerenchynia-fibres  is  often  found  still  a  third  internal  system  of 
striie,  directed  almost  perpendicularly  to  the  long  axis.  This  laat 
arises  from  reticulated  thickening  bands,  which  leave  between 
tbem  elongated  pits.  This  innermost  system  of  thickening  is 
usually  sharply  limited  towards  the  exterior  ones.  With  chlor- 
zino  iodine  solution  the  fibres  take  on  immediately  a  violet  colora- 
tion, passing  into  brown.  Specially  instructive,  however,  is  the 
relation  with  cuproxide  ammonia,  which  reagent  has  the  power  of 
dissolving  pure  cellulose.  The  action  must  be  observed  directly. 
On  tbe  addition  of  the  cnproxide  ammonia  solution  tbe  walls  of 
the  fibres  swell  strongly.  At  the  first  moment  of  the  action  the 
striation  becomes  more  distinct,  but  quickly  disappeai-s.  The 
outer  complexes  of  layers  are  soon  completely  dissolved,  while  the 
inner  reticulated  one  resists  longer,  and  therefore  the  observer 
sees  it  completely  isolated.  At  the  beginning  of  the  swelling  a 
still  finer  stratification  appears  in  the  stratification  which  was 
previously  visible.  Each  layer  is  therefore  composed  of  numerons 
exceedingly  thin  lamalle.  Snch  a  fine  stratification  is  stamped 
especially  distinctly  upon  the  inner  more  resistant  layer. 

We  now  divide  in  halves,  with  the  pocket-knife,  the  seed  of 
Oi'nitkogalum,say  0.  K-mbellatum  [the  Star  of  Bethlehem],  clamp 
the  half  in  the  hand-vice,  damp  the  cut  surface  with  water,  and 
make  with    the   razor  the  thinnest  possible  preparation.      This 
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preparation  (Fig.  25)  prescoU  ns  cella  with  approximately  reotan- 
galar  coatour.     The  walla  of  these  cella  are  strongly  thickened, 
the  thickening  layer  being,  however,  pierced  by  numerons  simple 
^  pits.     If  the  section  has  so  grazed  a 

cell-wall  that  it  presents  a  aorface 
view,  the  pits  appear  aa  round  pores 
(m),  as  can  be  seen  in  the  npper  cell 
of  the  adjoining  figure.  From  the 
eide  the  pits  appear  as  canals,  which 
pass  out  of  the  cell-cavity  np  to  the 
primary  cell-wall.  The  pits  of  ad- 
joining cells  are  directed  towards  one 
another ;  they  are  separated  by  the 
primary  wall  (p),  which  we  shall  here 
designate  the  closiiig  membrane.  The 
inner  surface  of  the  thickening  layer 
is  distingnished  by  stronger  refrac- 
tiveness ;  it  forms  the  limiting  mem- 
Fis,  ai.— From  tie  andoBperm  of      briine.     If  Sulphuric  acid  is  allowed 

s8en'fi™nboTr''p'°aiosingmem'       *"     "**     S'**"'?    '^^     ^^^    preparation, 

brauB  In  piM  Been  <n  proflia  ;  •>,  from  the  edge  of  the  cover-glass,  the 
tliickentng  layers  of  the  cells  are  dis- 
solved, while  a  network  of  very  delicate  walls  is  at  first  left  behind. 
The  walls  are  the  eo-called  middle  lamella,  which  indicate  the 
walla  of  the  cells  which  were  present  before  the  thickening  began, 
and  which  also  traverse  the  closing  membrane  of  the  pits.  By 
continuous  action  of  the  sulphuric  acid,  these  middle  lamellse  also 
aoon  disappear.  Chlorzinc  iodine  causes  the  thickening  layers  to 
swell  and  the  middle  lamellte  become  likewise  visible.  In  con- 
sequence of  the  swelling,  the  coloration  of  the  preparation  is 
incomplete. 

The  cells  are  closely  filled  with  protoplasm  and  granular 
materials.  These  entire  contents  take  on  with  iodine  a  greenish- 
brown  coloration.  In  each  cell  the  nucleus  is  readily  distinguish. 
able  with  acetic  aniline  green ;  this  is,  in  general,  wanting  in  no 
cell,  living  or  capable  of  life. 

The  thickenint;  layers  of  the  cella  in  the  endosperm  of  the  Date 
(Fhixnix  dactylifera)  have  a  very  similar  appearance.  The  cells, 
however,  ai*  more  elongated,  their  cavity  narrower,  the  walls 
somewhat  thicker.  In  the  seed  ["  stone  "]  of  the  Date  these  cells 
are  radially  arrang  d.      Crosa    and   longifcadinal   sections   of    it, 
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therefore,  provided  the^  corrcEpond  with  the  ntdii,  show  the  veils 
in  longitudinal  view,  while  tangential  sections,  "which  cut  the 
radii  at  right  angles,  show  cross -sections  of  the  cells.  Chlorzinc 
iodine  solution  colours  the  thickening  layers  yery  beautifully 
violet.  By  slower  swelling  usually  numerous  lamellffi  are  brought 
into  sight. 

We  turn  now  to  the  pine  wood  [Ptntts,  etc.,  any  species,  prefer- 
ably P.  sylvettris,  the  Scotch  fir],  in  order  to  leam  to  know  bordered 
pits.  For  this  purpose  we  take  a  piece  of  wood,  either  dry,  or, 
better  still,  preserved  in  alcohol,  from  a  stem  as  old  as  possible. 
First  we  prepare  with  a  sharp  pocket-knife  the  suitable  surfaces 
for  catting — one  radial,  parallel  to  the  long  axis  of  the  stem, 
one  tangential  to  the  same,  and  one  directed  perpendicularly  to 
this  axis.  The  concentric  yearly  rings  which  are  visible  with 
the  naked  eye  upon  «Tery  piece  of  pine  wood  will  provide  us  with 
the  necessary  bases  from  which  to  get  information  as  to  the  direc- 
tions in  question.  The  radial  longitudinal  section  cuts  the  yearly 
rings  perpendicularly.  The  tangential  longitudinal  section  is  so 
much  the  more  perfect,  the  more  parallel  it  runs  to  the  yearly 
rings.  The  cross-section  is  directed  perpendicularly  to  both  longi- 
tudinal sections.  In  the  following  preparation  of  microscopical 
sections,  in  order  that  the  sections  Bhall  be  good,  and  not  to  damage 
the  razor,  quite  special  precautionary  mies  mnst  be  adopted.  If 
the  razor  is  hollow -groond,  rightly  directed  sections  can  be  taken 
only  from  the  edges  of  the  piece  of  wood,  i.e.,  so  long  as  the  back 
of  the  razor  does  not  yet  rest  upon  the  cat  surface.  However,  in 
general,  only  slightly  hollowed  razors  should  be  used  for  cnttii^ 
wood,  as  those  greatly  hollowed  easily  "  give."  It  is  recommended 
to  UBO  razors  which  are  ground  flat  on  one  side,  i.e.,  the  side  which 
will  rest  upon  the  cut  surface ;  bnt  these  razors  have  the  disad- 
vantage that  they  are  not  easily  shat-pencd.  The  cut  surface  must 
always  be  moistened ;  the  sections  mast  be  as  thin  as  possible.  It 
is  not  necessary  to  have  them  of  any  particalar  size.  A  section 
which  appearB  to  be  too  thick  should  not  be  cut  to  the  end ;  it  is 
better  to  withdraw  the  razor  from  the  cut  in  order  not  to  notch  the 
edge.  The  razor  mast  be  sharp,  otherwise  it  will  tear  the  cell  - 
walls,  and  separate  the  inner  thickening  layers  from  the  outer. 
The  wood  preserved  in  alcohol  cuts  more  easily  than  when  dry, 
especially  when  the  former  has  been  laid  subsequently  in  a  mixture 
of  equal  parts  glycerine  and  alcohol.  The  surface  of  the  cut 
surface  prepared  by  the  pocket-knife,  as  it  contains  the  torn  cell- 
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walls,  must  be  removed  with  the  r 
can  be  used.^ 

A  radial  longitttdiiial  section,  correctly  taken  through  the  wood 
of  the  Pine,  appears,  with  weak  magnification,  to  be  constmcted 
of  longitudinally  elongated  cells,  which  overlap  one  another  with 
their  tapering  ends.  Running  across  these  cells  we  seethe  cell- 
rows  of  the  mednllair  raya,  with  which  we  shall  not  at  present 
concern  oorselvea.  We  focus  now^with  stronger  magnification 
upon  a  part  in  which  we  see  only  the  walls  of  the  longitu- 
dinally elongated  wood-calla  [fibres],  and  always  the  broader  of 
them,  and  direct  onr  whole  attention  to  the  bordered  pits  of 
these  walls.  The  bordered  pit  appears  to  us  in  the  form  of  two 
concentric  circles 
(Fig.  26,  A).  The 
inner  small  circle, 
or,  it  may  be,  the 
inner  ellipse,  indi- 
cates the  opening 
of  the  pit  into 
the  cavity  of  the 
cell ;  the  lai^er  outer 
circle,  or  outer  el- 
lipse, the  widest 
part  of  the  pit,  with 
which  it  joins  on 
to  the  primary  wall 
separating  the  two 
cells.  In  fact,  this 
pit  is  only  distinguished  from  the  simple  pit,  as  we  have  seen  it  in 
the  Date  and  in  Omithogalum,  in  that  it  broadens  at  its  base.  The 
pits  of  the  adjoining  cells,  howerer,  meet  here  in  just  the  same 
fashion.  If  the  mouth  of  the  pit,  as  commonly,  is  an  obliquely 
placed  ellipse  (aa  in  A),  by  changing  the  focussing  we  shall 
find  the  corresponding  month  of  the  other  pit  oblique  in  the  . 
opposite  direction.  The  twa  pit-chamberB  adjoining  one  anothei' 
are  separated  from  one  another  by  the  primary  wall,  which,  before 
the  commencement  of  the  secondary  thickening,  was  already  pre- 

*  It  is  of  some  adrsntage  to  keep  an  old  razor  (sharp,  honever,)  lor  prepat- 
ing  surfaces,  as  it  is  keener  than  a  pocket-knife,  aud  will  spare  the  actual 
BectioA  razor,     Even   then  the  firBt  section   cut  with  the  latter  should  be 
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sent,-and  Bubaeqnently  is  only  si i<!^htly  thickened.  This  delicate 
wall  is  the  Closing  membrane.  In  the  middle  it  is  more  strongly 
thickened,  and  forms  the  so-called  toraa.  With  most  careful 
observation  and  snitable  focnssing  we  may  even  be  able  to  see 
this  torus.  It  forms  a  round,  weakly-shining  disk,  which  has 
about  twice  the  diameter  of  the  mouth  (compare  in  A).  In 
the  most  faTonrable  cases,  and  here  especially  in  preparations  of 
dried  wood,  a  radial  striation  is  observable  in  this  torus,  and  so 
that  the  delicate  part  of  the  closing  membrane  appears  diileren- 
tiated  into  radially  dispersing  lamellce.^ 

A.  complete  insight  into  the  stmcture  of  the  bordered  pit  can 
only  be  obtained  with  the  aid  of  tangential  sections.  As  the 
bordered  pits  stand  on  the  radial  walls  of  the  wood-cells,^  they 
are  seen  in  cross-section  (Pig.  26,  li)  in  correctly  taken  tangential 
longitudinal  sections.  We  search  for  these  structures  in  the  walls 
separating  the  wood-cells,  stopping  first  at  the  dividing  walls  of 
the  broader  wood-cells,  and  not  allowing  ouraelves  to  be  led  astray 
by  the  sectional  view  of  the  medullary  rays,  which  are  formed 
of  a  number  of  smaller  cells,  standing  one  over  the  other.  The 
figure  of  the  cnt  pit  is,  it  is  true,  clear  only  iu  very- delicate  parts 
of  the  section.  If  this  condition  is  fnlfiUed,  the  pit  appears  in  the 
form  of  the  two  ends  of  a  pair  of  tongs  directed  towards  one 
another  [or  like  a  conple  of  extremely  short  screws  placed  with 
their  heads  flat  together],  after  the  type  of  the  above  fignre  (26,  0). 
If  once  the  structure  of  this  large  bordered  pit  is  known,  we  can 
obtain  information  as  to  the  stractnre  of  the  smaller  ones,  wjiich 
lie  in  the  thicker  walls  of  the  narrower  wood-ceils.  The  difFerence, 
apart  from  the  smaller  size,  is,  that  here  on  both  sides  a  longer 
canal,  corresponding  to  the  thickness  of  the  wall,  runs  out  of  the 
broadened  pit-chamber.  The  largest  bordered  pits  are  connected 
with  the  smallest  by  all  intermediate  stages.  In  the  interior  of 
the  pit  is  seen,  in  the  most  favourable  cases,  the  closing  mem- 
brane, which  in  its  centre  is  swollen  into  a  torus  (t).  In  the 
bordered  pits  of  the  air-dry  wood  it  is  usaally  pressed  to  one  side 
of  the  pit-chamber  (J5).  If,  on  the  other  hand,  fresh  wood,  or  alcohol 
material,  ia  investigated,  we  shall  find  the  closing  membrane  in 
the  sap-wood  [albnmum]  stretched  across  the  middle  of  the  pit- 
chamber.  In  the  heart-wood,  [duramen],  on  the  contrary,  the 
relations  are  just  as  we  have  given  for  the  air-diy  wood.  Tho 
figure  of  the  bordered  pit  is  clearer  after  the  action  of  chlorzinc 
iodine,  which  stains  the  cell-wall  yellow- brown.      This  coloration 
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is  dne  to  the  sti-ong  ligTiification  of  the  walls.  Only  in  occasional' 
places  is  a  violet  tinge  still  to  be  seen  there,  i.e.,  where  a  not  yet 
completely  lignified.  inner  thickening  layer  gives  this  colonr  re- 
action. The  closing  meuibraae  is  in  general  not  stained  by  the 
ehlorzinc  iodine.  After  treatment  with  this  reagent  we  can 
readily  convince  onrselves  that  the  perfect  wood-celU  contain 
here  neither  protoplasmic  sac  nor  nnclens ;  they  consist  only  of 
dead  cell-walls,  and,  as  they  functionally  contain  only  water,  and 
in  this  respect,  as  well  also  as  in  the  natnre  of  the  thickening 
of  their  walla,  they  simulate  the  tracheae,  i.e.,  vessels,  they  are 
known  as  tTacheldes,  more  recently  as  hydroldes. 

Not  infrequently  the  pine  wood,  which  wo  examine,  shows  in 
longitudinal  section  a  more  or  less  distinct  spiral  striation  mount- 
ing at  an  angle  of  about  45°.  The  mouths  of  the  pits  then 
appear  eloogated  in  the  direction  of  the  striation,  and  as  do  the 
Btri»  of  the  two  adjoining  side-walls,  so  also  the  mouths  them- 
selyes  of  adjoining  pits  cross  one  another. 

We  prepare  a  cross-section  also  of  the  pine  wood.  This  mnst 
be  specially  thin.  The  trache'ides  thus  cat  across  appear  as  a 
rule  rectangular.  They  form  radial  rows.  We  pause  at  one 
with  the  widest  lumen  (cavity).  On  its  radial  walls  we  see  the 
sections  of  the  pits  (Fig.  26,  0),  the  figure  of  which  appears  in  no 
way  different  from  the  tangential  longitudinal  section.  Between 
the  cells  the  middle  lamellfe  pi-oceed  as  fine  separating  lines  (m). 
Where  more  than  two  cells  are  in  contact,  the  middle  lamella  is 
thickened  into  a  solid  or  hollow  ''seam "(in").  The  inner  limit  of 
the  cell-wall  is  more  strongly  refractive  and  forms  the  limitiiig 
membrane  (i),  which  is  specially  clear  in  the  more  stroagly 
thickened  trache'ides  with  narrower  cavities.  It  is  always  clearer 
after  the  action  of  concentrated  sulphuric  acid.  The  thickening 
sheaths  swell,  and  are  finally  dissolved ;  the  limiting  membrane 
resists  longer  and  stands  out  sharply.  Between  the  swelling 
thickening  layers  are  seen  the  primary  walls  of  the  cells,  of  which 
finally  only  the  delicate  network  of  middle  lamcllEe  is  loft  behind, 
stained  yellowish-brown.  These  middle  lamellte,  resisting  con- 
centrated sulphuric  acid,  ai'e  cntinized  [cuticnlarized].  With 
slower  swelling  in  sulphuric  acid  it  can  be  often  determined,  and 
especially  on  the  strongly -thickened  trache'ides,  that  the  thicken- 
.  ing  layer  consists  of  very  numerous  extremely  delicate  lamella 
With  chlorzinc  iodiuo  the  cross-section,  as  previously  the  longi- 
tudinal section,  is  coloured  yellow-brown ;  in  individual  cells,  how- 
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ever,  part  of  the  thickening  layer  impin^ng  directly  apou  the 
limicing  membrane,  takes  on  a  Tiolet  tone.  I£  we  follow  the 
treatment  with  chlorrinc  iodine  with  dilate  anlphuric  acid  (two 
parts  acid,  one  pai-t  water),  under  the  inflaence  of  this  latter  a 
blae  coloration  of  the  entire  thickening  layer  is  possible.  If 
delicate  sections  are  treated  with  concentrated  chromic  acid,  an 
opposite  action  to  that  of  sulphuric  acid  results.  The  middle 
tamellffi  are  dissolved,  and  tho  individual  cells,  therefore,  are 
separated  from  one  another.  The  thickening  layer  of  the  cells 
undergoes  a  not  inconsiderable  swelling ;  the  limiting  memhrane 
at  the  commencement  of  the  action  stands  out  sharply,  hut  soon 
becomes  unrecognisable.  ^ 

In  order  further  to  learn  the  characteristic  reactions  for 
L^^nin,  we  will  make  use  of  phloroglucin  and  of  sulphate  of  ani- 
line.* We  dissolve  a  trace  of  phloroglncin  in  alcohol,  and  lay 
some  sections  of  wood  in  this  solnfcion.  After  this  we  place  it  in 
a  drop  of  water  on  the  object-slide,  and  allow,  from  under  the 
edge  of  the  cover-glass,  hydrochloric  acid  to  act  upon  it.  The 
walls  of  the  cells  quickly  take  on  a  beautiful  violet-red  coloi-ation. 
Other  sections  we  place  in  a  watery  solution  of  aniline  sulphate, 
where  they  at  once  become  bright  yellow ;  this  colour  is  still  more 
heightened  by  the  addition  of  dilute  sulphuric  acid.  In  place  of 
the  phloroglucin  we  can  use  an  extract,  prepared  with  water  or 
spirits  of  wine,  from  the  wood  of  the  Cherry,  with  almost  the 
same  result.^  If  fresh  sections  of  the  stem  'of  the  Pine,  passing 
from  cortex  to  pith,  are  treated  with  concentrated  hydrochloric 
acid,  a  yellow  coloration  of  the  wood  is  at  once  brought  about, 
which,  however,  gradually  shades  off,  inwardly  and  outwardly  re- 
spectively, into  a  violet  coloration,^"  This  also  is  the  phloroglucin 
i-caction,  and  indeed  proceeds  from  the  phlorc^lucin  which  comes 
from  the  contents  of  the  cortical  cells  and  pith  cells  respectively. 
Even  the  medullary  rays  of  the  young  wood  contain  a  little 
phlort^lucin,  so  that  the  violet  coloration  also  spreads  from,  each 
of  these. 

In  the  fntnre,  we  shall  make  use  of  the  difEersnt  relations  of 
lignified  and  unlignified  cell-walls  towards  certain  colour-hodiea 
as  an  assistance  in  our  investigations. 
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*  Compare  Saoha,  most  recently  in  Jahrb.  jar  tcii».  Bot.    Bd,  III.  p,  187. 

*  Barfoed  de  orgamske  Staffers  qualitative  analyse.  Kjebenhavn.  1878, 
pp.  210,  317,  223.    Notes. 

■  Compare  H.  Moliscb,  Ber.  der  detilteh.  botan.  GesetUch.    I.  Jahrg.  p.  150. 

*  Sachs,  Bot.  Zla-  1864,  p.  77 ;  Hansen,  Arh.  d.  Bot.  Inst,  in  IJ  iiriburg. 
Bd.m.  P.10B;  Meyer,  But.  Zy.  1883,  Col,  334;  W.  Gardiner,  F,-octediugs 
of  the  Canibridge  Pliilosophical  Societi).    Vol.  IV.,  Pt.  VI,  p.  387. 

»  Sanio,  Jahrb.  f.  wits.  Bot.  Bd.  IX.  p.  50.  Strasburger,  Zellbdute,  p.  3S. 
Bassow,  Bot.  Ceuimlbl.,  1883.  Bd.  XIII.,  Nos.  1-6.  The  other  literature  ia 
there  quoted. 

*  Compare  Bassow,  Bot.  Ctntralbl.,  1883.   Bd.  XIII.,  Nos.  1-5. 

'  Bordered  pits  placed  on  tin  tangential  walls  occnr  rarely  in  the  Pine,  but 
on  the  contrary  are  quite  regularly  met  nith  in  the  autumn  vood  o(  the  otLer 
Abietioete. 

'  Both  introduced  by  Wicsner  {compare  Sizbr.  dtr  math.  nat.  Klat.  der  Akad. 
der  WUs.  zu  IVieu.    Bd.  LXXVII.  1.  Ablh.,  and  before  that  in  other  placea). 

*  Von  Hiihnel,  Sttber.  der  math.  nat.  Kl.  der  Syieiier  Alad.  d.  WUi.  BJ. 
LSXVL  p.  685, 

">  The  same,  page  076. 
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*  It  is  a  ^ery  nidely-spread  pheDomenan  that  the  orosB-witlls  in  a  tissue  are 
thickened  differently  to  the  longitudinal  wnlls,  a  phenomenon  especially  corre- 
sponding with  the  differing  demanda  vhich  are  mode  apon  their  permeability 
for  the  conduction  of  food  materials,  eta. 

[Nott  to  page  El.] 

'  The  spbeero- crystals  of  dahlia  tubers  are  not  always  of  inuline.  In  tubers 
preserred  in  aloobol,  bulky  sphtero- crystals  of  calcium  phosphate  are  often 
deposited.  They  have  the  same  form,  but  usually  smaller  size  than  those  ol 
inuline,  and  are  slowly  dissolved  in  water  if  the  preparation  be  examined  there- 
in, while  their  refractiTe  power  continually  decreases.  The  spbesro-crystals  ol 
ctdcium  phosphate  are  either  without  dear  lamination  and  distinct  uaoleus,  or 
they  show  an  amorphous  nucleus,  which  is  snirounded  by  a  shell  ol  acicular 
crystals.  lu  the  latter  form  the  nucleus  of  the  spbteto-crysCal  is  deeply  stained 
by  carmine  solution  ;  in  tlie  former  the  sphtero-crystal  is  stained  throughout  its 
entire  mass,  and  in  this  manoer  can  again  be  made  visible  after  it  has  almost 
disappeared  through  the  action  of  water.  In  the  one  case  the  organic  substance 
is  conUiied  to  the  nuali«iis  ;  in  the  other  it  is  pretty  uniformly  distributed  through 
the  entire  massof  the  spUffiro-crydtal.  These  sphcero-aryBtals  rapidly  disappear 
when  acted  upon  by  nitric  acid.  Concentrated  sulphuric  acid  turns  them  brown 
at  once,  and  then  q^uickl;  changes  them  into  an  array  of  crystals  of  gypsum, 
wliile  the  sphtero-crystaia  of  iunline,  on  the  other  hand,  appear  unchanged. 

If  the  dahlia  tubers  do  not  show  sphierD-cryBtais  of  calcium  phosphate,  they 
can  be  readily  found  in  other  plants.  Tliey  are  certain  to  be  found  iu  the  ground- 
tissue  of  the  fleshy -Euphorbiaa,  cultivated  in  plant-houaes,  auch  as  E.  Cupiif- 
JUedudC,  when  this  has  been  laid  iu  spirit.  They  are  found  very  beantifiilly  in 
the  pith  of  the  indoresoence  ol  E.  helioKopia  (the  suu-spurge),  when  this  is  pre- 
served in  spirit. 
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[NoC  [0  pngf  52.] 
'  Uore  toandaboat,  bnt  speclnlt  j  ceriaiu.  ia  tlie  reaction  nitb  acetate  of 
copper.  The  material  to  be  in»eBtigated  is,  while  li'ing,  cut  vip  into  small  pieces, 
nad  placed  iu  a  saturated  soliitiou  (7  p.  a.)  ol  acetate  ol  copper,  and  alloned  to 
lie  tberein  lor  eigbt  or  ten  days,  oi  lougei.  Sections  then  taken  are  liiid  upon  a 
slide  in  a  drop  of  0  6  p.  c.  solution  ol  sulphate  of  iron.  In  tbis  the;  remain  only  for 
a  fen  minutes,  aa,  after  longer  action,  tbe  waits  commence  to  go  brawn.  After 
the  sections  have  been  waahed  in  water,  and  placed  in  a  watch-glass  :<f  alcohol, 
inorder  to  remove  the  air  audcbloropbjll,thejare  examined  in  glycerine.  The 
sections  remain  unchanged  iu  glycerioe  iiod  glycerine-jelly.  The  pieces  of  plant 
con  be  removed  from  the  acetate  o(  copper  into  alcohol,  and  eiamined  later  at 
pleasure  by  the  aid  of  acetate  of  iron.  Iron-blue  and  frou-grceu  tannins  ore 
clearly  distinguishable  by  this  method. 

[Note  to  page  59.] 
«  With  Blow  BKelliog  in  aulphuric  aoLd  it  can  be  determined,  especially  in 
the  strougly  thickened  autumnal  tracheldeB,  that  tbe  ihickening  layer  consists 
of  very  numerous  extremely  thin  lamellie.  In  cblorziuo  iodine  tbe  cross- section, 
like  the  longitudinal  section,  is  coloured  yellowish-brown,  the  middle  Inmellie 
pure  yellow.  In  isolated  cells  the  part  of  the  thickening  layer  immediately 
bounding  tbe  limiting  membrane,  may  take  on  a  violet  tone.  If  tbe  action  of 
chlorzinc  iodine  ia  followed  by  that  of  dilute  sulphuric  acid  (two  parts  acid  to 
one  part  water),  a  blue  coloration  of  the  whole  thickening  layer  is  often  induced. 
Speoially  delicate  etoss-seotions  of  pine-wood  furnish  eiceilcnt  "  test- 
objects,"  with  tbe  aid  of  which  we  can  form  an  estimate  of  the  quality  of  the 
medium  and  high  powers  of  our  microscope.  Assuming  that  we  have  a  suffi- 
ciently thin  section,  the  figure  mu~t  appear  thoroughly  flat,  well  illuminated, 
sharp  in  ou'.line,  clear  in  the  details  ot  its  strnctnre,  and  free  from  colour. 
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CHAPTER  TI. 

THE   EPIDERMIS,   STOMA.TA*  WATER   STOMATA. 
MiTERIAl  Wanteii. 


Leaves  of  Aloe  (e.g.  A.  nigHcaiis)  or  Agave.    Fresh. 
Leaves  ot  Aueimia  (e.g.  A.  fraxinifoUu).    Fresh. 
Leaves  of  Nerium  oleander.     Fresh. 

Leaves  of  r/-ojiiBoIiini.miy'tts  (Indlaa  oress,  or  so-cftlled"Ha3turtluni",, 
fresh,  or  in  alcohol. 

Take  a  surface  section  of  the  oater  side  (morphologically  the  under 
side)  of  the  "  eqnitant  "  leaves  of  Iris  fiorentina.  The  section  mast 
be  so  thin  that  it  only  grazes  the  tisaao  underlying  the  epidermis, 
and  should  be  observed  in  water  with  the  outer  side  turned  up- 
wards. It  will  be  at  once  seen  that  the  Epidermis  is  composed  of 
elongated  cells  which  run  pai'allel  to  the  long  axis  of  the  leaf. 
The  cells  are  ended  by  cross  partition  walls  i  they  are  connected 
together  without  any  intercellular  spaces  (other  than  the  stoniata), 
contain  colourless  cell-sap,  a  nuclens,  and  a  very  reduced  proto- 
plasmic sac.  On  its  eKtemal  side  the  epidermis  ie  covered  by  an, 
exceedingly  fine-grairied  layer  of  wax.  lu  a  line  with  the  cells  of 
the  epidermis  lie  the  elliptic  Stomata,  which,  however,  are  only 
indistinctly  visible  because  the  four  cells  of  the  epidennis  which 
surround  each  spread  over  the  Quard-cslls  of  the  stoma,  par- 
tially coveriug  tliem.  Hence  there  remains  only  an  elliptically 
elongated  pit  (/}  which  leads  to  the  stoma  (Fig.  27,  A).  This 
pit  usually  appears  black,  because  filled  witli  air.  In  order  to  see 
the  gnard-cells  well,  now  tarn  the  section  over.  It  can  then  be 
easily  proved  that  the  stoma  is  formed  by  two  half -moon- shaped 
guard-cells.  In  distinction  from  the  neighbouring  epidermal  cells 
these  cells  contain  chlorophyll  bodies.  The  nuclei  are  wont  to 
show  as  clear  spots  about  the  mid-length  of  the  cells.  Between 
the  two  gnard-cells  is  a  spindle-shaped  cleft  (s),  about  half  the 
length  of  these  cells.  Since  the  long  axis  of  the  stomata  corre- 
sponds with  the  long  axis  of  the  leaf,  it  is  easy  to  obtain  correct 
*  In  ordinnry  lonuinology,  tlie  term  "stoma"  inclndesthe  guard-cells  and  the 
accBBSory  etracturea.  I  have  limited  the  term,  as  etymologicallj  it  Bhoald  be 
limited,  to  the  cleft  ("Gtomatic  clelt,"  of  many  authors).  The  whole  structure  I 
hate  rteaoribed  as  "  stoinatio  apparatiie."  What  I  call  here  the  "  air-chamber," 
underljiuj;  Uie  stoma,  la  the  "  respitatorr  cavil  j  "  ol  many  authors.    [Ed.] 
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cross  sections  of  the  stomata.  The  section  is  taken  at  right  ang'Ies 
to  the  long  axis  of  the  leaf.  For  this  purpose  a  narrow  strip, 
about  I'inch  broad,  should  be  cut  out  of  the  l^f  in  the  direction 
of  its  length  with  a  pair  of  scissors ;  this  strip  can  be  supported 
between  two  pieces  of  the  pith  of  the  elder  or  of  the  sunflower.* 
The  elder  or  snnflower  pith  necessary  for  this  pnrpose  ia  obtained 
from  dried  pieces  of  the  stems  of  those  plants  bj  stripping  off  the 
cortex  and  woody  bundles.  A  piece  of  pith  about  an  inch  long  is 
cat  in  two  lengthwise  with  a  sharp  razor.     The  flat  strip  of  tissue 


which  has  to  be  cut  is  now  laid  between  the  two  halves  of  the 
pith,  so  that  the  end  of  the  strip  i-eaches  to  the  end  surface  of  the 
piece  of  pith.  Thin  cross  sections  are  then  taken  throngh  pith  and 
object  at  the  same  time,  and  the  sections  are  lifted  with  a  camel 
hair  brush  from  the  blade  of  the  razor  on  to  the  object-slide. 
While  cutting,  the  two  pieces  of  pith  can  either  be  held  together 
simply  with  the  fingers,  or  the  two  halves  can  be  fastened  together 
by  tying  round  with  a  piece  of  thread.     In  cutting,  the  pith  is  so 


'  Or.  Bsieral  Euch  stripa  con  b 
lliey  give  to  each  other.     [En.] 


packed  together  witbout  other  support  thim 


),  Google 


THE   lEICROTOUE.  C3 

held  tiiab  the  razor  lights  on  the  broad  side  and  not  on  the  thin 
end  (edge)  of  th©  object ;  in  this  way  many  equal  sections  can  be 
taken.  For  delicate  objects  the  softer  sanflower  pith  is  preferable 
to  the  somewhat  harder  elder  pith ;  for  more  resistant  objects, 
like  that  in  qnestion,  elder  pith  is  better  used;  for  still  more 
resistant  objects,  not  pith,  but  fine  cork,  aa  used  for  bottles,*  The 
preparation  of  sufficiently  thin  sections  need  in  this  instance 
present  no  real  difficulty;  under  any  circumstances  sach  difficulty 
can  be  orercome  by  the  use  of  a  Microtome.  A.  baud  microtome 
of  tlie  simplest  construction,  such  aa  Zeiss  (of  Jena)  offers  in  his 
Catalogue  for  IS&i,  as  No.  140,  at  18«.,  would  suffice.  This  has  a 
i-ound  cutting  plate,  ground  smooth,  of  about  three  inches  in 
diameter,  which  is  fastened  to  a  cylindrical  tube,  likewise  serving 
as  a  handle.  Inside  this  tube  is  placed  a  second,  movable  upwards 
and  downwards  by  means  of  a  screw.  The  extent  of  the  move- 
ment can  be  read  off  upon  a  divided  disk.  The  pieces  of  pith, 
between  which  the  object  is,  are  placed  between  two  pieces  of 
cork,  hollowed  ont  to  receive  them,  and  these  are  firmly  fixed  in 
the  inner  tabe  of  the  microtome.  The  pieces  of  pitb  project 
somewhat  beyond  the  pieces  of  cork,  and  reach  as  high  aa  the 
upper  catting  plate.  The  sections  can  he  taken  either  with  an 
ordinary  razor,  or  with  one  ground  flat  on  one  side ;  and  while 
one  hand  holds  the  microtome,  the  razor  is  moved  with  the  free 
hand  over  the  cutting  plate.  In  the  case  of  the  razor  with  one  side 
ground  flat,  this  side  should  be  applied  to  the  cutting  plate.  Sec- 
tions ore  best  cut  by  pushing  the  razor  away  from  the  operator. 

*  A  tew  more  praotical  hints  on  tbe  subject  of  eeotion -cutting  by  hand  mny 
be  of  use  to  begjanerg.  The  razor  for  moat  parposea  should  b«  nhat  is  called 
"  hollow -ground,"  and  of  tolerablj  good  qnalitj,  avd  ihoiild  be  krpt  thatp.  The 
objeot  to  be  cut  should  be  held  pretty  firmly  betweea  the  thumb  aud  index- 
finger  of  the  left  baud,  the  indei-finger  being  held  as  nearly  as  posetble  hori- 
zontally, and  slightly  bent,  the  thumb  likewise  very  slightly  bent,  and  with  tbe 
joint  depressed  below  the  level  of  the  finger,  in  order  to  secure  its  enfety  shonld 
the  razor  slip.  In  holding  the  object  to  be  cut.  the  side  of  tbe  tip  of  tbe  iodei 
finger  shonld  be  ratlier  higher  than  that  of  the  tip  of  the  thumb.  The  razor  ■ 
beiug  then  grasped  firmly  bnt  not  stiffly,  the  blade  held  quite  fiat  and  hori- 
20Dta1,  tbe  edge  towards  tbe  body ;  the  index-finger  of  tbe  left  hand  will  serve 
as  a  table,  on  which  the  blade  will  lie  and  thus  be  greatly  steadied.  Tbe  section 
should  be  cnt  by  a  single  forward  and  lateral  movement  of  the  blade.  With  all 
objects  which  will  bear  it,  the  razor-blade  may  float  with  alcohol  on  its  upper 
side,  and  the  object  should  be  similarly  wetted;  otherwise  the  object,  as  here, 
may  be  kept  moist  with  water.  For  this  purpose  two  "  nash-bottles  "  are  it 
~)r  distilled  water,  the  other  for  alcohol.    [Et>.] 
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After  cutting  each  Bection,  the  object  should  be  Eomevrhat  raided 
by  turning  the  screw.  Microtomes  of  complex  construction,  such 
as  are  necessary  to  zoologists,  are  superflaons  for  botanists. 

In  this  way  a  considerable  nnmber  of  sections  are  prepared  for 
further  use,  and  tbey  can  be  laid  in  the  meantime,  by  means  of  a 
camel-hair  pencil,  in  a  watch-glass  filled  with  water.  Place  some 
of  the  sections  in  water  for  observation  under  the  microscope,  and 
they  will  show,  in  favourable  places,  median  cnts  through  the 
stomata,  as  shown  in  Fig.  27,  B.  As  such  a  cross  section  will 
show,  the  epidermal  cells  of  Jris  fioreniina  are  more  strongly 
thickened  on  their  enter  than  on  their  inner  side.  The  inner  walls, 
however,  are  also  pretty  thick,  while  the  radial  walls  are  only 
slightly  thickened.  This  structure  is  connected  with  the  function 
of  the  EpidermiH,  which  not  only  has  to  serve  as  an  outer  pro- 
tecting sheath,  but  also  has  to  functionate  as  a  water-reservoir.^ 
The  thin  radial  walls  eaBilj  allow  a  change  in  the  capacity  of  the 
cells,  which,  by  means  of  a  bellows-like  play,  diminish  in  height 
through  loss  of  water,  and  enlarge  again  with  increase  of  water. 
The  guard-cells  lie  recessed  between  the  epidermal  cells;  the 
manner  in  which  the  latt-er  overlap  the  gnard>cellB  can  be  at  once 
seen.  The  pit  leads  down  to  the  gnard-cells.  These  latter  show 
a  eross-section  qnit-e  peculiar  to  them.  On  the  upper  and  under 
side  they  are  strongly  thickened.  These  thickened  places  are 
contiguous  on  that  side  on  which  is  the  stomatic  cleft.  Above 
each  of  these  places  is  found  a  peculiar  beak-like  projection.  On 
the  opposite  side,  turned  towards  the  interior  of  the  epidermal 
cells,  the  guard-cells  are  comparatively  thin.walled.  This  method 
of  thickening  of  the  wall  is  conriccted  with  the  mechanism  of  the 
movement  of  the  guard-cells,  which  would  more  strongly  curve, 
and  thus  widen  the  cleft,  when  their  turgidity  increases,  but 
which  wffuld  straighten  themselves,  and  thus  diminish  the 
cleft,  when  their  turgidity  decreases.  It  is  clear,  indeed,  that 
with  increasing  turgidity  the  guard-cells  must  become  more 
convex  on  the  side  of  less  resistance,  more  concave  on  the 
side  of  greater  resistance;  just  as  an  indiarubber  ball,  with  a 
wall  thicker  on  one  side,  must,  by  the  forcing  in  of  water  or  air 
under  high  pressure,  become  concave  on  the  side  of  stronger  re- 
sistance. The  thin  place  on  tbe  side  of  the  cleft,  where  the  two 
thickened  parts  join  together,  facilitates  the  flattening  of  the  cells 
on  this  side  during  curvature.  In  order  that  the  movement  of  the 
guard-cells  may  not   be   prejudiced,  we  see  the  outer  epidermal 


loy  Google 


ETOMATA.  Gh 

wall  joia  on  to  these  gnard-cells  with  suddenly  diminiahii^  rim ; 
the  gnard-cells  are  here  fastened  as  with  hinges, — the  epidermal 
or  stomatic  joists,  or  articulations. "  Under  the  stoma  is  foimd 
the  air-chamber  (a),  a  large  intercellular  space,  under  natural 
conditions  filled  with  air,  surrounded  by  chlorophyll-containing 
cells,  and  connected  with  the  intereellalar  spaces  which  are  found 
between  them.  A  cross-section  laid  in  chlorzinc  iodine  shows  us 
that  the  walls  of  the  epidermal  cells  stain  in  their  entire  extent, 
with  the  exception  of  a  thin  outer  layer,  eomewhat  corrngated,  the 
Bo-called  Caticle  (c)  which  becomes  yellowiah-brown.  This  cuticle 
swells  out  at  the  stoma  into  the  beak-like  projection  which  we 
have  already  mentioned,  which  appears  coloured  yellow-brown 
by  the  chlorzinc  iodine,  and  is  therefore  cuticularized.  As  an 
extremely  delicate  membrane,  the  cuticle  is  continued  through  the 
stomatic  cleft,  over  the  guard-cells,  to  the  commencement  of  the 
chlorophyll- containing  parenchyma.  For  the  rest,  the  guard-cells 
are  also  violet  over  their  whole  extent,  and  are  therefore  of 
cellulose.  By  the  nse  of  concentrated  sulphuric  acid  the  whole 
section  is  dissolved,  the  cuticle  alone  remaining  behind,  together 
with  the  cuticularized  projections  of  the  stoma.  * 

An  exceedingly  favourable  object  for  the  study  of  the  stomatic 
apparatus  is  fonnd  in  Tradescantia  virginiea.  The  epidermis  on 
both  sides  of  the  leaf  consists  of  polygonal  cells,  mostly  elongated 
in  the  direction  of  the  long  axis  o£  the  leaf ;  with  these  alternate 
narrow  stripes  of  long;er  and  narrower  cells.  These  stripes  are 
visible  with  the  naked  eye,  especially  on  the  under  surface  of  the 
leaf,  and  appear  green  in  colonr,  while  the  stripes  of  broader  cells 
show  grey.  The  lateral  walls  of  the  epidermal  cells  are  pitted ; 
the  outer  surface  is  faintly  striate.  The  number  of  stomata  is 
markedly  greater  on  the  under  side  of  the  leaf ;  therefore  we 
choose  this  side  for  investigation.  The  stomata  are  always  enr- 
ronnded  by  four  epidermal  cells  (Fig.  28,  A).  The  gnard-cells  He 
on  the  same  level  with  the  epidermal  cells  ;  the  cleft  which  they 
have  between  them  is  comparatively  large ;  they  contain  chloro- 
phyll-grains,  between  which  the  nucleus  is  usually  visible.  In 
the  epidermal  cells  also  the  nnclei  are  sharply  conspicnous,  and 
appear  surronnded  by  colourless  leucoplaats  (Fig.  28,  A,  I) ;  the 
cell-sap  of  the  epidermal  cells  is  here  and  there  rose-coloured.  The 
long  axis  of  the  stomata  corresponds  with  the  long  axis  of  the 
leaf,  so  that  here  also  it  is  easy  to  obtain  correct  cross-sections. 
The  stomata  present  then  the  appearance  shown  in  Fig.  28,  B. 
'  '  See  Doles  on  paga  7), 


d.,  Google 


66 


aTOMiTA, 


The  stomatic  Bide  of  the  gnard-cella  here  also  appears  to  bo 
thickened,  while  the  side  tnmed  towards  the  interior  of  the 
epidermal  cells  is  thinner.  Besides  this,  it  happens  that  both 
of  the  epidermal  cells  bounding  the  gaard-cells  are  flatter  than 
the  epidermal  cells  Ijing  beyond,  (md  are  also  less  thickened 
on  their  outer  sides.  They  appertain,  therefore,  to  the  stomatic 
apparatus  as  "accessory  cells";  they  form  "the  hinge  or  joint 
which  in  Irii  floreHtina  is  formed  merely  by  the  thin  part  of  the 
membrane  at  the  insertion  of  the  guard-cells.  The  leucoplasts 
({),  which  surround  the  nucleus  in  the  epidermal  cells,  offer  here 
a  Tery  favourable  object  for  observation.  It  is  interesting  that 
these  leucoplasts,  in  spite  of  being  in  a  position  so  strongly 
exposed  to  the  light,  remain  small  and  colourless,  and  do  not 
develop  into  chlorophyll-grains.  The  epidermis  has  here  another 
purpose,  and  has  not  to  functionate  as  an  apparatus  for  assimi- 
lation. 


The  so  commonly  cultivated  Tradegcantia  zehrina  has  a  stomatic 
apparatus  composed  in  the  same  way.  Stomata  are  present  only 
on  the  under  side  of  the  leaf.  The  cro.ss- section  is  very  instructive, 
though  not  easy  to  obtain  thin ;  thicker  sections  serve  for  genei-al 
information.  The  epidermal  cells  on  both  sides  of  the  leaf  are 
alike  distinguished,  as  cross-sections  show,  by  their  considerable 
size.  Those  on  the  upper  aide  especially  are  so  deep  that  they 
alone  form  half  the  thickness  of  the  leaf.  Many  of  these  epidermal 
cells  ai-e  seen  to  be  divided  by  cross-walls.  On  both  sides  of  the 
leaf  the  epidermal  cells  contain  little  besides  watery  cell-sap,  that 
on  the  under  side,  moreover,  mostly  appears  coloured  red.     The 
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leaves  of  Tradeeeantia  present,  therefore,  in  their  epidermis,  a 
epecially  efficacious  water- reservoir.  The  accessory  cells  of  tho 
stom&ta,  almost  always  four  in  namber,  are,  as  the  cross-section 
shows,  quite  thin,  bo  that  a  great  air-chamber,  of  the  depth  of  the 
surrounding  epidermal  cells,  is  formed  under  the  stomatic  appara- 
tus. In  thicker  p^rta  also  of  a  surface  section,  taken  from  the 
under  side  of  tho  leaf,  the  form  of  the  air-chamber  can  be  traced 
out  by  deeper  focussing,  ao  long  as  the  chamber  is  not  opened  by 
the  razor,  and  remains  filled  with  air.  The  leucoplasts  around  the 
nucleus  of  the  epidermal  cells  are  again  clearly  visible.' 

The  species  of  Aloe  and  Agave  possess  epidermal  cells  thickened 
very  strongly  on  their  outer  sides,  and  stomata  correspondingly 
deeply  sunk  in  the  epidermis.  Because  it  is  specially  instructive, 
and  not  difficult  to  prepare,  we  select  for  observation  Aloe  mgricant, 
a  greenhonse  plant  with  ligolate  leaves  arranged  in  two  series 
(ranks).  Other  species  of  Aloe  can,  if  need  be,  serve  as  substi- 
tutes for  this.  In  surface  sections,  the  epidermis  of  upper  as  well 
as  nnder  side  appears  formed  of  regular  polygonal  cells,  mostly 
hexagonal.  The  cavity  (or  lumen)  of  each  of  these  cells  is  reduced 
to  a  relatively  small,  rounded  space.  This  space  appears  dark, 
because  the  razor  opened  the  cells  from  below,  and  the  cavities 
filled  with  air.  The  stomata  are  found  on  both  sides  of  the  leaf; 
deep  pits  lead  up  to  them.  These  pits  are  always  bounded  by 
four  cells,  and  have  a  rectangular  contour ;  a  somewhat  pi'oject- 
ing  rim  surrounds  the  pit.  If  you  wish  to  see  the  guard-cells,  it 
suffices  to  lay  the  section  on  the  glass  slide  with  the  inner  sid» 
upwards..  The  gnard-cells  are  comparatively  broad  and  short; 
amongst  their  contents  are  noticeable  sti^ongly  refractive  spherical 
oil-globnles.  As  the  epidermis  is  very  hard,  the  cross-section  is 
best  taken  between  two  pieces  of  bottle  cork.  The  whole  thick- 
ness of  the  leaf  need  not  be  taken,  but  rather  a  piece  of  the  tissue, 
about  -^tii  inch  thick,  is  cut  off  from,  one  surface  of  the  leaf.  As 
the  stomata  run  parallel  to  the  long  axis  of  the  leaf,  we  arrange 
the  piece  of  leaf  so  that  it  shall  be  cat  at  right  angles  to  this  axis. 
We  cut  the  sections  from  the  inner  towards  the  outer,  i.e.,  from  the 
soft  towards  the  hardei'  part  of  the  tissue.  The  strong  thickening 
of  the  epidermal  cells  is  observable  immediately  in  these  sections 
(see  Fig.  29)  ;  this  thickening  affects  only  the  outer  half  of  the 
ceil ;  corresponding  to  it,  the  cavity  of  the  cell  tapera  in  an  out- 
ward direction,  The  thickened  parts  of  the  cell-wall  are  white, 
strongly  refractive,  and  are  covered  externally  by  a  cuticle  more 
'  See  note  on  p^e  71, 
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flti-ongly  refrafitive  still,  hut  not  sharply  delimited.     The  lateml 
boundaries  of  the  cells  are  only  indicated  by  delicate  lines  in  the 
thickened  raasa,  and  ontwardly  by  a  slight  ridge.     The  interior  of 
the  strongly  refractive  thickening  sheath  is  clothed  by  &  compara- 
tively slight,  weakly  refractive  layer  (t).     This  snzronnds,  there- 
fore, first  the  keel-shaped  lessening  part  of  the  cell-cavity ;  while 
gradoally  thinning  off,  it  ends  in  the  aide  walls  Bimultaneously 
with  the  refractive  thickening  layer.     This  thickened  part  of  the 
epidermis,  viewed  in  the  a^regate  in  the  section,  appears  like  a 
cartain  cnt  into  regnlar  teeth.     At  the  places  where  the  hollows 
leading  np  to  the  stomata  are  f-onnd,  is  first  to  be  noticed  the 
projection  which  encloses  the  hollow  as  with  a  rim  ;  next,  that  the 
tooth,  formed  by 
tho       tbickening 
layers,     is     hei-e 
halved     unilater- 
ally, and  has  also 
only     half     its 
nsnal  depth.   The 
gnard-cella  show,, 
both    above   and 
below,      on      the 
etomatio    side, 
projecting  ridges, 

section  appear 
beak-like.  Above 
the  gnard-cells  are  found  the  thin  parts  of  the  wall  which  serve  as 
epidermal  joints.  The  air-chamber  is  narrow  and  deep.  Commonly 
a  parallel,  more  or  less  obliqne,  striation  will  be  observed  on  the 
thickened  walls  of  the  epidermal  cells;  it  is  caused  by  the 
I'azor  in  cutting,  and  reenrs  in  the  same  way  not  infrequently 
on  hard  elastic  objects.  A,  section  treated  with  cblorzinc  iodine, 
shows  the  highly -refractive  thickening  layer  coloured  yellow- 
brown  ;  it  is,  therefore,  cuticularized.  The  inner  covering  to 
this  layer  (t)  is,  ou  the  other  hand,  coloured  violet,  as  likewise 
is  the  rest  of  the  tissue  of  the  leaf.  The  yellow-brown  coloration 
passes  ovor  the  "hinge  "on  to  the  projections  which  are  on  the 
gnard-cells  above  and  below.  Elsewhere  the  guard-cells  are 
coloured  violet.  On  treatment  with  concentrated  sulphuric  acid, 
the  whole  of  the  part  which  colours  yellow-brown  with  chlorzine 
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iodioe  remains  at  first  behind ;  after  some  hoare'  action  this  also 
ia  diasolTed,  and  then  the  delicate  cuticle,  and  the  fine  middle 
lamellas  found  between  the  epiderma,!  cells  alone  still  persist.  The 
CQticle  is  continued  over  the  guard-ceiU  to  the  junction  with  the 
chlorophyll-containing  inner  cells.  The  cnticular  layers  and  the 
cuticle  take  a  brown  colour  in  the  snlphnric  acid.  The  oil  present 
in  the  guard-cells  "  balls  "  together,  immediately  on  the  entrance 
of  the  acid,  into  a  highly  refractive  spherule,  which  disappears 
after  some  time. 

Many  modifications  occur  in  the  arrangement  of  the  stomata 
in  tlio  epidermis.     A  very  remarkahle  instance  is  that  where   the 
stoniatic  apparatus  is  surrounded  by  a  single  annular  epidermal 
coll.      This  can  he  observed  in  Aneimia  fraxinifolia,  a  fern  which 
is  to  be  found  in  every  botanical  garden.     The 
cells  of  the  epidermis  have  a  strongly  undulat- 
ing ["  sinnona  "]  outline  (Fig.  30),  and,  by  this 
mntaal  dovetailing,  so  common  a  thing  in  epi- 
dermal   cells,  gain    in    firmness   and    solidity. 
Like  all  other  ferns,  Aneimia  contains  chlcro- 
phyll-grains  richly  in  its  epidermal  cells.    Here, 
therefore,  such  a.  division  of  labonr  as  exists  in 
most  Phanerogams  is  not  carried  out,  and  the 
epidermis  forms  part  of  the  assimilating  tisanes.  „ 

J;  ^t"-   *•■  —  Jlnrntsw 

The  stoma  is  set  in  the  snrroanding  epidermal  /raiinirotia.  Sioma, 
cell  as  in  a  frame.     Cross  sections  fat   right      ""^I?^'^?'*    ll'    "" 

V  &    ^       epiilenii&l    cell ;     n, 

angles  to  the  lateral  veins)  show  ns  that  they  mioieuB  of  ihe  epi- 
project  somewhat  above  the  surface  of  the  epi-  ^"°^  "'^  f  ■  ^^>- 
dermis.  This  extreme  case  is  connected  by  intermediate  forms, 
with  other  leas  remarkable  ones,  into  which  we  shall  not  farther 
enter.  We  need  only  to  imagine  the  stomatic  apparatus  removed 
to  the  side  wall  of  the  surrounding  epidermal  cell,  to  do  away 
with  the  unnaaal  character  of  their  insertion. 

Nerium  oleander  shows  a  peculiar  condition.  Neither  on  the 
npper  nor  the  under  surface  of  the  leaf  can  stomata  at  first  be 
seen.  On  both  sides  we  find  a  comparatively  small-celled  epider- 
mis, which,  especially  on  the  under  side,  is  covered  with  anicellular 
hairs,  their  walls  thickened  almost  to  the  disappearance  of  the 
cavity.  On  the  under  aide  of  the  leaf,  however,  there  appear 
also  larger  or  smaller  depressions,  filled  with  air,  and  garnished 
at  their  edges  with  short  hairs,  resembling  those  just  mentioned, 
but  with  less  thickened  walls.       These  hairs,  coming  together, 
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close  ap  the  aperture  towards  the  exterior.  A  second  surface 
section  from  the  under  surface  of  the  leaf,  taken  from  the  same 
place,  whence  »  previous  one  has  ali'cady  removed  the  epidermis, 
permits  to  us  here  and  there  a  view  of  the  bottom  of  the  hollows. 
For  this  purpose  it  is,  above  all,  necessary  that  the  air  should  bo 
previously  removed  from  the  hollows,  either  under  the  air-pump, 
or  through  soaking  the  section  in  alcohol.  It  is  then  shov^n  that 
from  the  walla  of  the  depression,  project  small  conical  elevations, 
whose  apes  is  formed  by  a  stoma.  The  side  walls  of  the  small 
cones  consist  of  epidermal  cells,  which  allow  between  them  an 
air-chamber  extending  to  the  stoma.  Between  the  cones  bearing 
the  stomata,  the  similar  hairs  to  those  which  we  have  seen  on 
the  edges  spring  from  the  walls  of  the  cavities. 

We  will  now  turn  our  attention  to  a  specially  favourable  object 
for  observing  Water-Fores  or  Water-Stomata.  These  show  the 
same  structure  as  the  air- 
Btomata,  but  are  larger, 
the  cleft,  as  well  as  the  ad- 
joining intercellular  space 
(air-chamber)  is,  at  least 
partially,  filled  with  water. 
The  guard-cells  of  these 
stomata  may  be  from,  the 
first  immovable,  quickly 
perish,  and  then  at  all 
events  lose  their  mova- 
bility.  The  most  favour- 
able object  for  the  study 
of  these  water-pores  is 
Tropceolum  -mafas  [the  In- 
cress  or  so-called 
■  sturtium"].  The 
water-stomata  are  found 
in  the  upper  side  of  the  leaf,  and  always  over  the  ends  of  the  prin- 
cipal veins  (or  ribs).  Here  the  edge  of  the  leaf  usually  shows 
a  small  depression.  A  pretty  clear  view  of  the  wflter-stomata 
can  be  had  if  a  suitable  piece  of  a  leaf  throughout  its  whole 
thickness  is  brought  into  the  field  of  the  microscope,  under  water, 
and  covered  over  with  a  cover-glass.  The  details  are  indeed  only 
observable  on  surface  sections  taken  from  the  proper  part  of  the 
edge  of  the  leaf.     A  water-stoma  then  presents  the  appearance 


Tr0psi>tum  mi^fui,  together 


the  edge  ol 
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In  Fig.  31.  The  contents  of  the  gnard-cells  were  in  this  case 
already  reduced  to  a  minimum.  Several  water-stomata  are  always 
fonnd  at  a  short  distance  from  one  another. 


NOTES  TO  CHAPTER  VI. 

>  Slrasbarger,  Jahrh.  far  viii.  B'.t.  V.  p.  297  ;  de  Barj,  Vergt.  Anal.  pp.  32  et 
seq. ;  70  et  seq.  (See  trana.  by  Bower  &  Scott,  pp.  29,  et  seq. ;  66  et  seq.) 
Schwandener,  S/ujiatiier.  d.  kgl.  Akad.  d.  IJ'im.  in  Btrlin,  1831,  p.  833,  For  the 
remaining  literature,  see  the  tvo  firat-named  authorities. 

*  WeeteriDaicr,  Jahrb./ur  wiw,  Bot.  XIV.  p.  43. 


[No'«»  to  page  66.] 
■  NeTerCbeleea  it  Met  also  under  the  control  of  the  turgidit;  existing  in  the 
neighiioiiring  epidermnt  cella,  which  baa  a,  preponderating  inSaecce  ia  delermin. 
ine  the  nidtli  of  the  cleft  for  the  time  being. 

'  lu  the  aaine  wa;  the  cuticle  resiats  atroug  chrnmio  acid,  in  which,  haworn, 
it  Boon  becomes  ver;  traoEparent.  Cold  potaab  cannot  dissolve  cuticle,  which 
resiBta  it  eren  better  than  oork  does.  For  the  rest,  "  caticularized  "  and  "oon- 
verCed  iuto  cork  "  are  quiu  eyuivblent  ideas. 

[Note  tnpage  67-1 
°  Very  beautiful  larRe  atomaCio  appnrutus  are  present  on  the  under  aide, 
taore  mrel;  tlie  upper  side,  of  the  leaves  of  the  white  garden  lilj,  Ldium  caii- 
didiim,  and  tbia  can  therefore  be  teoommended  as  an  object  tor  investigation. 
The  epiiiermal  cella  are  elongated  in  tlie  loug  aiia  of  the  leaf,  he  in  straight 
rows,  but  have,  liowever,  an  undulating  outline.  The  Btomatie  apparatus  stand 
in  the  prolongations  of  the  epidermal  cells,  and  at  the  same  height  with  tbem. 
The  cross-seotion  is  eaaj  to  obtain,  and  shows  a  hinge  at  the  point  o(  junction 
of  the  gunrd-cells  in  the  form  of  a  sudden  tUiiiuing  of  the  strongl;  thiukeued 
outer  wall  of  the  neighbouring  epidermal  cellg. 
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CHAPTER  VII. 

THE  EPIDERMIS  (CONT.);   HAim."   MUCILAGE  AND  WAS. 

MiTEKiAL  Wanted. 

Toung  branches  of  Wallflower  {Cheirant'hus  Ckeiri).     Freat. 

Leaven  of  Ten-week  Stock  (Mattkiola  annua).     Froah. 

Flowers  of  Pansy  {Viola  Irieolor).     Freeh. 

Flowers  of  Mullein  {Verbaeeum  »igi'ura).     Preah. 

Leaves  of  Verboecuia  thapsiforme.     Fresh. 

Leaves  of  Sheplierdia  canadeniit,  or  of  Eleagnim  angu$tl/oliu$.    Fresh. 

Young  stems  of  Roea  tempei'fiorens,  or  other  rose.     Fresh, 

Tonng  stems  of  the  stinging  nettle  {Urtica  dioicdj.     Fresh. 

Leaf-stalks  of  the  Frimnla,  P.  trtnenHts.    Fresh. 

Young  stems  of  Rumex  palienlia.     Fi^ah. 

Leaves  of  Sundew  (Droaei-a  rotundifolia).     Fresh, 

Winter  buds  of  jEeeulue  Hippoeattanum. 

Leaves  of  Eclieveria  secunda-glauca,  or  other  like  kind.     Fresh. 

Piece  of  cortex  of  node  of  sttgar-eane  {Saeeharitjn  o^cinoiitm).    Fresh. 

We  are  already  acquainted  witii  the  root'hairs  of  Sydrochans 
inorsus-Tanm,  and  as  with  root-hairs  it  is  always  a  case  of  similar 
unicellular  sa«s,  we  can  abstain  from  further  investigation  of 
them.  We  have  also  seen  the  epidermal  cells  of  nnmeroua  petals 
elongated  into  conical  papille  (TTopceolum,,  Rosa),  and  also  the 
staminal  Iiairs  of  Tradescantia,  threads  formed  of  barrel-shaped, 
swollen  cells  (Fig.  15)  ;  lastly  also  the  hairs  of  Cucurbita,  passing 
over  from  a  multicellular  base  into  a  simple  pointed  thread.  Plant 
hairs  are  therefore  Icnown  to  us  from  many  points  of  view ;  it  is, 
however,  worth  while  to  extend  onr  special  knowlei^e  of  them. 

On  the  leaves  and  stems  of  Cmciferte  we  find  very  many  forms 
of  mncb-branched  micellnlar  hairs.  On  the  stems  and  leaves  of 
the  Wall-flower,  or  Gilly-flower(CAei)a?!.(fti«  Cheiri),we  see  spindle- 
formed  structures  (Fig.  32,  A),  with  narrow  cavities  obliterated 
towards  the  two  ends.  These  unicellular  spindles  are  covered  on 
their  outer  surface  with  protuberances,  always  fewer  large  ones 
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witli  nnmeroas  Bmall  ones  betweea.  As  the  spindles  are  all  di- 
rected parallel  to  the  long  axis  of  the  leaf,  it  is  comparatively  easy 
to  obtain  a  good  ciDaa-section  throngh  them.  It  is  indeed  desir- 
able to  hit  upon  the  hair  at  its  point  of  insertioa  in  the  centre  of 
its  length,  and  numerous  sections  mnst  therefore  be  taken  in 
order  to  increase  the  chance  of  enccesa.  Then  we  see  (Fig.  32,  B) 
that  the  place  of  insertion  of  the  hair  lies  somewhat  depressed, 
and  that  the  epidermal  cell  which  broadens  ont  outwardly  into  the 
body  of  the  hair  is  smaller  than  its  neighbours,  that  at  the  base 
it  is  somewhat  swollen, 
rounded,  and  reaches  more 
deeply  into  tl»e  surround- 
ing tissue.  It  foi-ms  the 
"  foot "  of  the  hair.  Lon- 
gitudinal sections  through 
the  leaf  show  that  the 
foot  J8  not  broader  in  the 
long  direction  of  the  ha,ir 
than  in  the  cross  direction. 
We  can  readily  satisfy 
ourselves  that  the  cavity 
of  the  foot  passes  without 
interruption  into  the  cav- 
ity of  the  body  of  the  hair. 
Wo  can  obtain  a  still 
more  complete  figure  of 
the  form  of  the  foot  if  wo 
lay  a  thin  surface- section 
with  the  under  side  up- 
wards. The  foot  is  circular 
in   cross- section.      It   can 

■L  1  iT.    J.       iP"  01  (;i<«iMiiiiiui  vnun,    a,  tue  iiivir  seen  itom 

now  be  seen,  also,  ttiat  Bbo»8(x»o).  B,incro86-BeoeLon<x  sio).  c,  from 
the  chlorophyll-containing  *»  "'■a'"^  ^'i«  <>'  "ib  leai  of  Moi(h»ta  *■««;  hutr 
cells  of  the  tissue  of  the 

leaf  adjoin  radially,  and  without  intormption,  the  somewhat 
broadened  part  of  the  foot  projecting  below  the  epidermis. 

The  hairs  of  the  ten-week  stock,  Matthiola  an%ita  (Fig.  32,  0), 
are  repeatedly  branched  in  one  plane.  These  hairs,  especially  on 
the  under  surface  of  the  leaf,  are  set  so  closely  together  that  their 
branches  interlaoe.  The  cavity  of  the  hair,  in  oonsequence  of  the 
strong  thietening  of  the  walls,  is  well-nigh  obliterated.     Knobs 


I.  aa,  A  nnd  B,— From  ths  aiidtr  Bide  at  l!i« 
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are  scarcely  at  all  developed  on  the  siii'face.  The  view  of  the 
epidermis  from  the  inner  side  (bj  means  of  sni^fnce  sections  placed 
apside  down.)  is  very  instructive,  for  it  shows  a  tolerably  marked 
swelling  of  the  globular  foot  of  the  hair,  and  around  it  an  exceed- 
ingly beautiful  radial  arrangement  of  the  chloropbyll-containing 
cells. 

In  the  groove  of  the  lower  spur-like  elongated  petals  of  the 
pansy  {Viola  tricolor)  are  very  peculiar  long  unicellular  hairs  (Fig, 
33).  They  can  be  seen  very  well  if  a 
cross-aection  of  the  lower  petal  is  taken 
near  the  place  where  the  tnbnlar  spur 
opens  out  into  the  furrow  or  groove. 
Each  of  the  epidermal  cells  concerned 
grows  out,  almost  in  its  entire  width,  into 
a  hair.  This  is  covered  with  irregular 
knotted  swellings.  The  membrane  of  the 
hair  shows  slight  longitndinal  ridges. 
The  cell- sap  is  colourless,  but  yellow 
pigment- bodies  (chromatophores)  are 
often  present  in  the  proioplasmic  sac.  ' 

The  staminal  filaments  in  the  flowers  of 

the  common  Mullein  (Verbascum  nigrum) 

are  covered  with  unicellnlar  violet  hairs. 

In    order    to    examine  them    the    anther 

should  be  removed  from  the  filament,  and 

this  latter  pulled  to  pieces  with  needles 

in   a   drop    of  water  on  an  object-slide. 

The  hairs  are  very  long,  swollen  out  at 

irta.33.— Hair  from  the  [:ir-      the  cnd  into  the  form  of  a  club,  and  with 

iXr^"('x'^r'""'"'"'*°^      "'"'''*'  '=*1^'«*P-     The  sm-faee  of  the  hair 

is  coTered  with  elongated  protuberances 

which  ascend  in  more  or  less  regular  spirals. 

Branched  mnlticelliilar  hairs  are  to  be  found  in  the  same  plant 
on  the  under  side  and  edges  of  the  corolla.  Seen  from  above,  these 
hairs  have  a  certain  likeness  to  those  of  Matthiola,  but  all  of  the 
branches  here  arise  from  a  common  central  point,  and  each  branch 
is  in  itself  a  closed  cell.  Moreover,  the  branches  do  not  spread 
out  in  the  same  plane,  but  arise  at  indefinite  angles.  Their  walls 
are  quite  as  strongly  thickened  as  in  Matthiola;  outer  protu- 
berances are  wanting.  The  hairs  on  the  edges  are  seen  in  side 
view.     The  body  of  the  hair  ia  cut  ofE  by  a  partition  wall  from 
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the  epidermal  cell  whicli  bears  it.  It  consists  of  a  stalk  or  pedicel, 
almost  s,\v/ttya  nnicellutar,  and  upon  thi.^  the  branches  arc  tnoanted. 
Slight  modificationa  of  these  conditions  occur,  which  need  no  fur- 
ther explanation.  Besides  these  branched  hairs,  the  edge  of  the 
corolla  also  bears  small  glandular  hairs.  These  have  a  two  to 
three  celled  atalk,  and  a  flattened  head,  which  is  covered  here  and 
there  at  the  apex  by  a  strongly  refractive  anbstance.  These  last 
we  shall  not,  however,  study  here,  but  in  another  more  favourable 
object. 

It  is  only  necessary  to  imagine  the  multicellnlar  branched  hairs 
of  the  mullein  placed  one  npon  another  several  times  in  order  to 
understand  the  hairs  which  form  the  felt  on  the  leaves  of  Ym-bas- 
eum,  tlia'psiforme.  These  hairs  are  sometimes  as  many  as  five 
stages  high,  each  stage  ia  separated  fi'om  its  predecessor  by  a  uni- 
cellular joint,  which  continues  the  main  axis  of  the  hair.  The 
cells  of  the  hair  are  for  the  most  part  filled  with  air.  They  are 
best  shown  by  cross-sections  through  the  midrib  of  the  leaf.  Ver^ 
haecum,  Tkapsue,  a  native  perennial,  has  very  similar  hairs. 


Fio.  !t— Scales  fpom  the  andsr  side  of  the  leaf  of  8!iep\erdia  etnta^Ktbi.  A,tmm  th» 
(urlowi  B,  iacTDSS-Mrtiim(x  HO). 

To  the  same  category  as  the  branched  hairs  of  the  petals  of  Ver- 
bascum  belong  the  scales  of  Shepherdia  canadenBis.  On  the  und«r 
side  of  the  leaf,  even  distinguishable  with  a  hand-lens,  we  find . 
more  or  less  loosely- formed  white,  and  more  or  less  closely-formed 
brown  (Fig.  34,  A)  stars.  On  the  npper  side  of  the  leaf  only  white 
stars  are  to  be  found,  and  they  always  in  small  number.  The  cells 
of  these  looser  white  stars  contain,  as  microscopical  examination 
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bIiowb,  only  air;  they  arise  from  a  common  central  point,  but  are 
separated  from  one  another  laterally.  On  tlie  apper  side  of  the 
leaf  they  do  not  lie  in  one  plane,  but  rather  radiate  stellately  in 
all  directions.  The  cells  of  the  brown  stars  are  connected  together 
almORt  to  their  ends,  and  provided  with  living  contents ;  the 
naclei  in  their  interior  can  he  seen  without  difficulty.  A  cross- 
section  through  the  leaf,  where  it  outs  a  brown  star  centrally, 
shows  that  its  stalk  (Fig.  34,  B)  is  multicellular,  and  that  not  only 
the  epidermis  hut  also  the  cell-layer  next  following  passes  over 
into  it.  The  stalk  bears  aloft  the  stellate  unilamellar  but  multi- 
cellular expansion. 

Should  Shepherdia  canadenete  not  be  at  our  disposal,  Ulaiagnus 
angastifoliw  can  to  a  certain  extent  replace  it.  Here,  on  the 
under  Bide  of  the  leaf,  only  the  white  air-containing  scales  are 
present.  The  disk  consiRts  of  cells  either  laterally  isolated  or  also 
grown  together  almost  to  the  margin. 

Now  take  a  horizontal  section  through  the  stem  of  a  rose,  say 
Mosa  aemperfiorens  of  the  gardens,  at  the  place  where  one  of  the 
prickles  arises.  Try  to  halve  the  prickle  as  nearly  as  possible  in 
the  middle,  and  then  to  take  ar  thin  section.  This  last  is,  indeed, 
not  so  easy  as  it  seems,  In  cutting,  do  not  neglect  to  moisten  the 
cut  surface  with  water.  In  a  successful  section  it  can  be  seen  that 
the  epidermis  of  the  stem  is  continued  over  the  prickle.  The  cells 
of  the  epidermis  are  at  the  same  time  more  strongly  thickened 
and  more  elongated.  Inside  the  epidermis  there  pass  into  the 
prickle  pretty  strongly  thickened  n arrow -cavitied  cells,  and,  fur- 
ther in,  similar  but  broader  ones.  These  last  fill  up  the  whole 
central  part  of  the  prickle.  All  these  cells  are  finely  pitted. '' 
The  epidermis  of  the  stem  is  separated  from  the  chlorophyll -con- 
taining inner  tissue  by  a  strong  layer  of  considerably  thickened 
elongated  cells  joining  on  to  one  another  with  oblique  end-walls, 
and  containing  no  chlorophyll.  These  cells  without  chlorophyll 
are  of  like  origin  to  those  which  form  the  inner  tissue  of  the 
prickle.  The  elements  of  the  tissue  of  the  prickle,  are,  however, 
separated  from  the  chlorophyll-containing  tissue  of  the  stem  by  a 
layer  of  flat-celled  tissue.  This  strip  of  tissue  arises  by  division 
from  the  undermost  layer  of  the  tissue  of  the  prickle  ;  it  follows 
only  for  a  short  space  the  chlorophyll- containing  tissue  of  the 
stem,  and  then  turns  towards  the  epidermis,  in  order  to  bound  the 
base  of  the  prickle  laterally  also  towards  the  ohlorophyll-less 
tissue  of  the  stem.  This  is  a  cork-layei,  next  to  the  outer  sorface 
'  See  note  on  page  @2ii. 
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of  which,  by  the  interposition  of  a  layer  of  separation  (absciss- 
layer)  the  fall  oE  the  prickles  will  resnlt  in  the  older  parts  of  the 
stem.  Before  this,  it  is  possible  to  break  oft  the  pi-ickle  pretty 
smoothly  from  the  stem,  along  the  inner  side  of  the  cork-layer. 

If  we  select  a  prickle  from  the  leaf-stalk  for  inTestigafcion,  its 
atmcture  is  found  to  be  in  no  way  diSerent  from  that  on  the  stem, 
excepting  that  at  its  base  the  cork-layer  is  wanting.  Since  the 
leaf  as  a  whole  will  fall,  separate  provision  for  the  fall  of  the 
prickles  is  unnecessary. 

By  careful  examination  of  the  cortical  tissao  adjoining  the 
pricklea  of  the  rose,  the  presence  of  crystals  in  the  cells  can  be 
made  ont.  Ab  they  are  not  dissolved  in  acetic  acid,  nor  in  potash, 
but  on  the  other  hand  are  dissolved  in  hydrochloric  acid  without 
evolution  of  gas,  they  are  crystals  of  oxalate  of  lime.  They  have 
here  the  form  either  of  monoclinic  prisma  or  of  closter-CTTStalB. 
These  last  consist  of  a  great  nnmber  of  crystals  which  are 
deposited  on  an  original  crystal.  The  clnster-cryatals  are  specially 
difitingnished  by  their  size  and  stellate  form. 

In  order  to  get  the  Btingliig  liaiTB  of  the  common  stinging 
nettle  (Urtica  dioica)  uninjured,  we  must  take  them  from  the 
younger  parts  of  the  plant.  They  are  found  best  on  the  veins,  or 
ribs,  of  young  actively  growing  leaves.  The  hair,  which  is  visible 
with  the  naked  eye,  should  be  cnt  oS  below  its  point  of  insertion 
with  the  razor,  and  examined  in  water.  If  the  hair  is  already 
dead,  air  will  be  found  in  its  interior,  and  its  apex  is  then  no 
longer  intact.  An  uninjured  hair  presents  the  appearance  repre- 
sented in  Fig.  35.  The  hair  is  unicellular,  sharply  conical, 
swelling  at  its  apex  into  a  small  knob.  At  the  base  the  hair 
broadens  ont,  and  the  bulb  thus  formed  is  sunk  in  a  cap  which 
is  developed  from  the  tissue  of  the  leaf.  As  its  developmental 
history  shows,  this  hair  springs  fiwm  a  single  epidermal  cell,  lying 
at  the  same  level  with  its  neighbours  ;  afterwards  the  strongly, 
swelling  foot  of  the  hair  is  lifted  up  on  a  column  of  tissue,  which 
is  covered  by  the  epidennis,'  and  is  formed  internally  of  hypo- 
dermal  (sub- epidermal)  tissue.  In  the  hair  itself  is  to  be  seen 
streamii^  of  the  protoplasm.  The  nnclcus  is  nsnally  to  be  seen 
inside  the  bulb,  suspended  by  protoplasmic  threads.  The  cuticle 
shows  oblique  striation,  which  ascends  in  the  same  direction  in  all 
the  hairs.  The  wall  of  the  hairs  is  siliceons,  as  can  be  readily 
proved  by  heating  it  red-hot  on  a  mica  plate.  As  already  noted, 
hairs  are  often  found  with  their  points  broken  oS.    In  case  of 


loy  Google 


78  UtANDOLiB   HAIH3. 

careless  contact,  the  hair,  by  means  of  this  point,  enters  the  skin, 
and  as  it  is  very  brittle,  breaks  off,  whereon  the  strongly  acid  fiap 
enters  the  wound  and  causes  slight  inflammation.     On  the  same 
piece  of  the  epidermis,  near  to  the  stinging  hairs,  are  also  small 
unicellular  bristles   (cf.  Fig.  35)  ;   these  last  are  distingniahed  by 
the  strong  thickening  of  their  walls,  and  their  fine  tapering  points. 
We  can  find  the  same  kind  of  bristle  on 
the  edge  of  the  leaf.     For  this  purpose  it 
suffices  to  place    a    piece  of   the  leaf   in 
water  under  a,  cover-glass.     In  old  leaves 
the  bristles   can   he   thickened   almost   to 
the  obliteration  o£  their  cavity ;  their  sur- 
face is  covered  with  small  protuberances. 
We  have  already  met  with  glandular 
hairs  on  the  edge  of  the  petals  of  Ver- 
batcum  nigrum, ;  they  can  be  studied  under 
more    favourable    conditions    in   Fritmila 
sinetmg.     For  this  purpose  cross-sections 
are  taken  through  a  leaf-stalk.     The  body 
of  the  hair  is  divided  from  the  epidermoid 
foot-cell  hy  a  cross  wall  situated  out  be- 
yond the  epidermis,  and  forms  a  cell  row, 
which  consists  of  usually  two  (sometimes 
more),   longer,    and    at    the   same    time 
broader,  and  one  (rarely  two),  narrower 
and    also   shorter  cells.      This   last  cell 
bearsthe  globular  head.     Upon  this,  how- 
ever,  is  formed  a  more  or  less  strongly- 
developed  cap  of  highly  refractive  resin- 
ous yellowish  substance.      The  secretion 
takes  place  between  the  cuticle  and  the 
—  wall  of  the  cell.      The  cuticle  is  raised, 

mtic^S^tl^lthJ'-^a,''L  distended,  and  finally  ruptured,  where- 
tmgmentorthBEpidermis.on  upon  the  secretion  overflows  the  upper 
which i8»>mfliibriBtiB(-tfloi.      p^^j.  ^£  ^jjg  jj|^jp_     ijjjg  addition  of  alcohol 

removes  the  secretion,  "and  then  the  raised  cuticle  can  be  clearly 
seen  lying  in  folde.  The  cells  of  the  hub'  show  a  beautiful  network 
of  protoplasm  with  suspended  nucleus,  in  which  lies  a  large  nu- 
cleolus. Small  chlorophyll-bodies  are  embedded  in  the  peripheral 
protoplasm.  Very  beautiful  for  observation  are  the  glandular  hairs 
(colleters)  upon  the  membranous  sheathing  stipules  (ochreie)   ot 
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the   leaf  of    Eumex  patientia,  one   of   the   docks    not  found  in 

Britain.     The  masses  of  Beci-etion  given  off  from  the  glanda  are 

here  so  considerable,  that  in  damp  weather  the  apes  of  the  stem 

and  the  young  leaves  are  found  entirely  covered  with  slime.     The 

membranous  ochrete  can  be  observed  directly,  and  for  that  purpose 

they  mnst  be  turned  with  their  inner  side  upwards.     A  carefal 

examination  of  the  preparation  will  show  the  glands  in  the  form  of 

minute  plates.  These  minnte  plates  rise  with  a  short  unicellular  foot 

from  a  small  epidermal  cell.     To  the  one  cell  succeed  two ;  upon 

these  nsnally  four  cells,  which 

are  elongated  in  the  direction 

of  the  long  axis  of  the  plate, 

and  are   repeated    in  several 

stages.      On    the    ontwardly- 

tnrned  walls  of  the  cells  of  the 

gland    are    often   to    b&    seen 

bladder-like   swellings,  which 

sometimes  occupy  a  part,  and 

sometimes  the  whole  wall  of  a 

cell.     The  secretion,  therefore, 

is  formed  here  also   between 

the  cuticle  and  the  rest  of  the 

cell-wall,  and  lifts  the  cuticle 

up.      At  length  the  bladdei^ 

open  and  let  oot  the  secretion. 

This  secretion  is  not  coloured 

by  iodine,  nor  with  chlorzinc 

iodine ;  in  water  it  swells  to  a 

perfectly   clear    solution,   and 

behaves  like  a  gummy  body. 

The  cells   of    the   glands  are 

rich  in  protoplasmic  contents, 

and  their  nuclei  are  distinct.    With  Rosaniline  riolet  the  glands 

take  an  intense  violet  coloration,  and  the  masses  of  slime  are  pale- 

ted.     Watery  solution  of  nigrosine-  stains   the  slime  steel-blue, 

without  colouring  the  glands." 

Especially  interesting  in  structure  are  the  glandular  hairs  of 
the  common  sundew  {Ihosera  rotundifolia),  distinguished  alike  as 
digestive  glands  and  tentacles.  They  arise  as  thread-like  struc- 
tures from  the  edge  and  entire  upper  surface  of  the  leaf.  The 
threads  (Fig.  .37}  taper  a  little  in  the  course  of  their  length,  and 
"  Sfe  note  od  page  82a.  O 
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awell  into  the  form  of  an  egg  at  their  ends.     The  threads  consist 
of   delicate   cells,   elon,:^ted    in   the   longitudinal    direction ;    the 
stronger  threads  m-b  traversed  by  one  or  several  tubes  with  screw. 
like  thickenings, — the  Spiral  vessels.     The  radial  extension  of  the 
epidermis  of  the  thread  in  forming  the  head,  the  fan-like  arrange- 
ment of  the  elements  of  this  epidermis,  and  their  mnltiplication 
into  two  or  three  layers,  are  seen  best  in  optical  sections  of  the 
object  (Fig.  37).     The  number  of  the  spirally-thickened  vessels 
is  greater  in  the  head;   all   the  cella   which 
lie  inside  the  sheath  formed  by  the  division 
of    the    epidermal  cells,  take   on  this   spiral 
thickening.      The  place  of   insertion    of    the 
thread,  if  correctly  hit  upon,  shows  that  not 
only  the  epidermis  bat  also  the  inner  tissue   . 
of  the  leaf  is   continued  into   the   tentacles. 
These  digeative  glands  give  out  a  slimy  secre- 
tion, which  clings  to  the  head  like  a  dew-drop 


(;!P|o.37"-Leaf  of  r™(™r<.tun<it/oH(i,d»gT»r 

eipuided;  d,  tentacles  Qnthe  edge  ot  cbe  le^f ;  r 

Fio.    37,  —  DiKeBlive 

Btouler  centaolee  or  tbe  centre  or  tbe  leal.    B.  b1] 

(tland  [tentaclej  ol  Dro- 

bsT6  bent  towftrdB  the  middle  at  tbe  louob  ot  an  i 

Pranll).] 

[whence  the  common  name  of  the  plant],  but  does  not  arise  nnder 
the  cuticle,  bat  rather  flows  ont  from  its  free  surface.  Small  insects 
remain  sticking  in  these  slime  drops,  suffocated  in  the  secreted 
slime,  and  are  carried  towards  the  centre  of  the  leaf  by  a  corres- 
ponding inflection  of  the  stalk  of  the  digestive  gland.  Then 
the  other  digestive  glands  all  bend  together  over  the  body  of  the 
insect,  and  come  in  contact  with  it  with  their  heads.     Upon  this 


loy  Google 


OCU,   KESIN,   WAX.  8] 

the  chemical  nature  of  the  secretion  changes ;  a  free  acid  and  a 
ferment,  like  pepsin,  make  their  appearance,  and  these  are  enabled 
slowly  to  digest  the  albuminons  bodies  fonnd  in  the  body  of  the 
insect.     The  dissolved  substances  are  absorbed  into  the  plant. 

A  cross-section  through   a  winter  bud  of    the    horse-chestnut 
(^sculus  hippocastanum)  shows  as  batton-shaped  glandular  hairs, 
situated  on  the  scales  covering  the   bud  (Fig.  38).     The  inter- 
mediate  scales  of  the  bud  bear  glands   on  both   sides ;  on  the 
external  ones  more  are  found  on  the  inner  side,  on  the  inner  scales 
the  most  on  the  outer  surface.     The  structare  of  the  glands  is 
shown  in  the  figure ;  it  shows  an  axial  cell-row,  which  towards 
the  top  divides,  and  from  which  the  secreting  cells  radiate.     The 
figure  gives  the   gland  in  longitudinal  section.     The   cuticle  is 
broken  through  by  the  secretion,  and  this  is  discharged  between 
the  scales,  coating  them  and  stick- 
ing them  together.    This  secretion 
consists  of  a  mixturo  of  gmn  and 
resin.      In  water   the    gum-drops 
scattei-ed  in  the  resin  can  be  seen 
to  swell,  while  on  the  other  hand, 
by  the  addition  of  Rosaline  violet, 
the  resin  maas  is  coloured  a  beau- 
tiful blue.     Here  also  the  contents 
of  the  glands  are  red. 

On  one  object  (Iris  Jlorentina),        F.o.  3s-.-0iai.d<iiar  hair  on  a  8cai»  of 

^  ,       \  ■'  "the  winter  bud  of  ^muIm  hippoaiH^ 

we  have  already  drawn  attention      nunm^veradwitbaeototion  (x  i4a). 
to  the  finely  granular  layer  of  wax 

which  covers  the  outer  surface  of  the  epidermis ;  we  propose, 
however,  to  investigate  this  point  specially  on  some  other  plants. 

Very  suitable  for  this  is  Echeveria  eecunda-glauca,  or  other  like 
plant,  which  is  now  so  often  nsed  in  gardens  for  "  carpet- bed  ding." 
The  wax  layer,  which  can  easily  be  wiped  off,  gives  to  the  plant  a 
hoary  or  "glaucous"  appearance.  A  surface  view  of  the  epider. 
mis  shows  us  a  net-like  crust  of  aggregated  grains. 

In  an  easily  observed  form,  we  see  aggregated  short  rods 
forming  a  wax  layer,  in  the  surface  view  of  the  epidermis  of 
Eucalyptus  globulus,  the  Australian  blue-gum  tree. 

The  most  beautiful  object  is  the  sn gar- cane  (^Saccharwni 
ijfficinarum),  now  so  commonly  cnltivatod  in  plant-houses.  Here 
the  wax  covering  appears  in  the  form  of  long  rods  or  filamentfl, 
often  curved  or  curled  at  the  end.     We  remove  a  surface  section 
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from  the  iiodea  of  the  stem,  which  are  noticeable  from  their 
glaucous  appearance.  As  mnch.  air  clings  between  the  rods,  it 
is  best  to  inimerae  the  section  for  a  short  time  in  cold  alcohol. 
It  can  be  then  readily  examined.  On  the  other  hand,  it  is  difficult 
to  obtain  a  good  cross-section  with  the  rods  still  adbering.  Fig. 
39  shows  such  an  one.     The  rods  stand  closely  crowded  against 


one  another,  many  showing  the  bending  already  referred  to.  If 
a  surface  section  is  bronght  into  prosimity  to  a  flame,  tho  rods, 
under  tho  microscope,  show  fused  together.  They  dissolve  in  hot 
alcohol. 


NOTE  TO  CHAPTEB  VH. 

■■  S§  10,  13. 1 


INote  to  page  72.] 
•  A  Teiy  iavourable  object  for  the  stud;  ot  hairs,  and  obtainable  all  the  year 
round,  is  the  petiole  of  the  ordinary  zonal  bedding  geianinm,  Pelargoniaia 
zoiiole.  The  hairs  found  apou  this,  studied  in  sucface  and  ciobb- sections,  are 
of  sevetal  distinct  kinds,  falling  into  two  groups,  viz.  conical  and  capitate.  The 
conical  haira  are  either  (1)  delicate  and  unicellular,  (2)  stouter,  and  with  one  or 
two  partitions,  the  septum,  where  eolirary,  being  commonly  quite  close  to  the 
outer  line  ol  the  epidermis,  or  (3)  very  long  and  tapering,  with  many  cross 
septa,  and  a  distinctly  bulbous  baee,  raised  upon  a  vfart-like  outgrowth,  the  cells 


loy  Google 


82a.  KOTBS. 

of  whioh  Bhon  radEal  aTrangemeDt,  The  cnpitale  liaird  are  (1)  glandular  haira 
with  a  roand  head-cell  on  a  short  stalk.  2-3  cells  long,  (2)  glandular  haitH  irith 
sn  oljovate  head -celt  set  eomew  hat  obliquely  on  a  short  stalk;  (3)  doulitfuUy 
glandular  with  a  large  pear-shaped  head-cell  on  a  long  2-3  celled  stalk.  [Eo.] 
[No(<  la  page  76.] 
'  These  cells  belong  to  the  sub-epidermal  systeni  ol  the  branch.  Th« 
prickle  is  an  "emergence,"  involring  in  its  origin  sab-ejadermal  as  well  as 
epidermal  tissue. 

[Nofe  to  page  79.] 
°  The  large  stipules  of  the  pansy,  Viola  tricolor,  are  Terj  deeply  toothed,  and 
bear  at  the  apex  o(  each  tooth  a  beautiCa  egg-shaped  gland.  If  it  is  desired  (o 
see  these  not  shrivelled,  but  as  iu  active  life,  it  is  necessary  to  investigate 
the  youDgesl  possible  stipnles.  The  glaud  |Fig.  36a)  is  separated  from  the  edge 
of  the  leaf  by  a  somewhat  narrowed  neck.    It  consists  of  two  or  mote  rons  of 


Pio.  Sei.—OI»nflulac  hair  from  the  sbipoleof  Fiola  (rteolor, 

elongated  cells,  forming  a  oore,  upon  which  a  single  layer  of  cells  is  placed, 
arranged  perpendicularly  to  the  surface,  and  elongated  in  this  direction.  The 
ngure  shows  such  a  glandular  hair  in  optical  longitudinal  section.  The  whole 
gland  is  distinguished  by  its  copious  protoplasmic  contents.  In  these  are  often 
to  be  seen  vacuoles  filled  with  cell  sap,  either  singly  or  iu  groups.  The  secretion 
conaistg  of  a  thin  layer  of  resin  on  the  surface  of  the  gland,  and  of  masses  of 
sUme,  which  roiee  the  cuticle.  With  rosaniline  violet  the  contents  of  the  cells 
are  colonred  red,  the  resin  layer  blue,  the  slime  masses  reddish. 
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CHAPTER  Vm. 


Material  Wanted, 


Stems  of  the  Maize,  or  Indian  Com  (Zea  Mais),  some  time  in  alcoboL 
Or.  stems  of  the  Oat  [Avena  tatiaa),  or  other  grass,  likewise  in  alcohol. 
Futl-gronn  leaf  of  Iri»  Jloreiitina,  some  time  in  alcohol. 
Stem  of  nratcena  {Cordyline)  rubra.     Fresh. 

A  VERT  favonrable  object  for  the  stndy  of  the  structure  of  the 
closed  collateral  flbro-Tasal  baodleB'  of  the  Monocotjledons  is  the 
stem  of  the  Maize  or  Indian  Com  (Zea  Maw).  We  will  investigate 
material  which  has  lain  for  a  considei'able  tim.e  in  alcohol,  in  order 
the  more  readily  to  become  acquainted  at  the  same  time  with  the  cell- 
contents.  First  prepare  a  cross-section,  taking  care  that  it  passes 
through  an  intemode  and  not  through  a  node.  The  com  prehension 
of  the  structure  will  be  much  facilitated  if  the  section  is  laid  at 
once  into  a  di-op  of  chlorzinc  iodine.  Coloration  of  the  section 
immediately  begins,  and  the  separate  fibro-vasal  bundles  stand  oat 
quite  clearly,  even  to  the  naked  eye.  If  we  lay  the  glass  slide  on  a 
white  object  [e.y.  a  sheet  of  paper],  we  can  in  the  readiest  possible 
way  get  information  as  to  the  isolated  (or  scattered)  arrangement 
of  the  fibro-vasal  bundles ;  an  arrangement,  as  a  whole,  peculiar 
to  monocotyledons.  It  will  also  show  that  the  fibro-vasal  bundles 
are  more  closely  crowded  together  towards  the  periphety  of  the 
stem.  Every  fibro-vasal  bundle  shows  in  cross-section  an  an  oval 
spot:  the  tissue  in  which  these  bundles  are  embedded  is  the 
Oronnd,  or  Pandamental  Tissue.  A  separation  of  the  ground- 
tissue  into  pith  and  cortex  is  not  present  with  the  scattered  or 
isolated  arrangement  of  the  bundles.      Now  find,  under  the  micro- 

*  In  the  course  of  the  cbapter  it  nill  be  seen  that  the  term  "  fihro-vascnlar," 
or  "  fibre  vaaal,"  is  open  to  objectiouB.  The  author  uses  (be  term  "vasal- 
baadle«,"  or  "  vaBcular.buudlca  "  (GefaBBbiindel).  The  foimer  are,  honever,  in 
n  Euglieh  uae,  aud  are  retained  here.     [Ed.] 
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scope  with  &  low  power,  a  part  of  ttie  section  suitable  for  fnrthep 
investigation,  choosing  a  fibro-vasal  bundle  which  docs  not  lie  too 
near  the  periphery,  because  in  this  neighbourliood  the  atracture  of 
many  bundles  is  simplified,  and  fusion  with  one  another  occurs. 
In  all  cases  it  is  necessary  to  settle  definitely  in  which  direction 
the  periphery  of  the  stem  lies,  in  order  that  we  may  know  which 
is  the  inner  and  which  the  outer  side  of  the  bundle.  The  bundle 
which  we  select  may  appear  somewhat  as  in  tha  adjoining  Fig.  40. 


Fia_  10.— Crou-uction  thmti^b  a  ltbrD-n**l  bundle  from  the  Inner  part  of  the  stem  o1 

Bi«ve-CBbe9;  j.  compnnion  cells;  pr,  crushed  elementa  of  the  protaphloSm ;  ' 
I>MU«ai  tfl. Bbeath  ( K  IBO). 

First  to  attract  our  attention  is  the  Sheath  (vg),  which  a 
the  fibro-vasal  bundle,  and  has  become  coloured  more  or  less  red- 
dish-brown by  the  chlorzinc  iodine.  It  consists  of  strongly- 
thickened  and  lignified  sclerenchyma  cells  or  fibres,  and  has  for 
that  reason  stained  as  indicated  ahoye.     It  is  more  strongly  de- 
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veloped  on  the  inner  and  the  outer  side  of  tbe  fibro-vnsal  bnndle, 
but  mtich  weaker  on  its  sides.  Passing  now  from  the  inner  side 
of  the  bundle  towards  the  onter,  we  next  see  an  Intsrcellnlai 
passage  (or  intercellular  space)  (I),  surrounded  by  narrow,  only 
8 lightly. thickened  cells,  which  are  nevertheless  colonred  yellow 
by  the  chlorzine  iodine.  Into  this  intercellular  space  projects 
a  ring  (a),  belonging  to  an  Annular  Tesael,  which  is  nsnally  torn 
by  stretching.  The  iaterceDalar  passage,  also,  has  usually  arisen 
from  the  breaking  dowa  of  cells.  Such  a  method  of  development 
is  indicat-ed  by  the  term  lysigenous,  whereas  wheu  it  arises  only  by 
the  separation  of  the  elements  of  a  tissue,  the  process  is  echizogenovs. 
This  torn  vessel,  together  with  others  which  may  perhaps  also  be 
seen  projecting  into  the  in  tercel  1  alar  passage,  represents  the  first- 
formed  elements  in  this  part  of  the  fibro-yasal  bundle,  elements 
which  were  developed  at  a  time  when  the  parts  of  the  plant  with 
which  we  are  now  concerned  were  still  in  process  of  rapid  growth 
in  length.  Impinging  on  the  intercellular  passage  on  its  outer 
side,  are  one  or  more  other  vessels.  They  are  i-ecognisahle  by 
their  cavity,  which  is  larger  than  that  of  the  neighbouring  cells. 
In  the  bundle  represented  in  Fig.  40,  only  one  such  vessel  (»p), 
and  that  a  rather  narrow  one,  is  observable  in  the  cross  section. 
These  vesBels,  present  to  the  number  of  one  or  more,  are,  as  can 
be  demonstrated  only  in.  longitudinal  section,  thickened  in  a  spir^il 
manner.  They  are  spiral  vflsaels.  Next,  in  each  half  of  the  bnndle, 
right  and  left,  is  a  wide  cell-cavity  (m,  m').  These  are  two 
vessels  with  netted  (reticulate)  or  pitted,  rarely  spiral  thicken- 
ing. They  are  the  so-called  pitted  ducts.  Often  in  the  cavity  of 
these  great  vessels  a  ring,  or  part  of  one  (m'),  can  be  seen  pro- 
jecting as  a  thickening  of  the  wall.  This  is  the  i-elic  of  a  cross 
partition- wall  which,  diaphragm- like,  was  broken  through.  The 
cells  which  surronnd  the  two  great  vessels  are  reticulately  thick- 
ened :  on  their  sides  turned  towards  the  ground-tissue  these 
vessels  are  usually,  however,  bounded  directly  by  the  elements  of 
the  sheath.  The  elem,ents  lying  between  the  two  great  vessels 
show  also,  in  general,  the  network  thickening,  and  appear  as  a 
somewhat  darker  band  joining  these  vessels.  They  are  usually 
arranged  in  regular  lines  in  the  direction  of  the  radial  axis  of 
the  bundle.  All  the  walla  of  the  vessels,  and  especially  those  of 
the  two  great  vessels,  are  coloured  yellow  by  the  chlorzine  iodine. 
In  the  two  great  vessels  it  happens  that  this  coloration  is  more 
intense  on  that  side  where  they  are  bounded  by  the  sheath.     The 
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elements  between  the  two  lat^e  vesHels  are  coloured  a  somewhat 
deeper  yellow  than  those  sorrounding  the  intercellular  space. 

The  part  of  the  fibro-Tasal  bundle  which  we  hare  thns  far 
described  is  distinguished  as  the  Wood,  or  Zylem,  or  as  the 
"  vascular  part,"  and  also  by  the  name  "  Hadrome."  On  practical 
grounds  we  prefer  the  older  name  of  Wood,  or  Xylem.  These 
terms  do  not,  therefore,  involve,  as  we  at  once  see  in  this  first 
example,  the  presence  of  the  strongly-thickened  elements  on  which 
the  common  idea  of  wood  is  founded.  The  never-failing  element 
of  the  wood  portion  of  the  fibro-vaaal  bundle  is  the  vessel,  and, 
therefore,  the  morphological  term  formed  according  to  this  is  the 
most  rational.  The  selection  of  the  term  "Wood,"  however,  simpli. 
lies  the  terminology,  and  permits  the  pHmary  part  of  the  bundle, 
and  the  secondary  growth  which  we  shall  hereafter  describe,  to 
have  Gon'esponding  names  given  to  them.  For  onr  earliest 
descriptions,  therefore,  we  must  give  the  preference  to  this  older 
terminology,  in  accordance  with  which  many  terms  still  in  use 
have  been  constructed.  In  the  example  studied  above  we  have 
found,  therefore,  in  the  wood  portion  (the  Xylem)  of  the  fibro- 
vasal  bundle,  the  primary  wood,  the  Frotoxylem,  composed  of 
primary  wood -parenchyma  and  of  vessels.  In  opposition  to  the 
wood  portion,  we  must  choose  for  the  second  part  of  the  fibro- 
vasal  bnndle  the  term  Bast,  or  PhloSm,  against  which  names  we 
mnat  raise  the  same  objections  as  to  the  term  wood.  In  the  above 
example  v/e  have  similarly  a  bast  portion  withont  the  presence  of 
what  is  nsually  spoken  of  as  bast.  "As  the  sieve-tubes  of  the  bast 
are  never  wanting,  morphologically  the  most  rational  term  for  it 
is  Sieve  portion.^  In  contradistinction  to  Hadrome,  the  bast  por- 
tion is  also,  on  physiological  grounds,  distinguished  as  Leptome. 
Wood  and  bast  together  constitute  the  Fibro-vasal  bundle.  As 
here  the  wood  is  in  unilateral  contact  with  the  bast,  these  bundles 
are  distingnished,  in  strncture,  as  Collat6Tal.  If  we  wish  to  include 
the  sheath,  which  mostly  appertains  to  the  ground-tissue,  in  one 
technical  term  with  the  fibro-vasal  bundle,  we  speak  of  the  whole 
as  the  Pibro-vaBal  striiig.*  The  physiological  considerations 
which  occasion  a  separation  of  the  fibro-vasal  bundle  into  Had- 
rome and  Leptome,  have  led  to  the  choice  of  the  term  Uestotne 
for  the  entire  bundle.^ 

The  bast  portion  of  the  fibro-vasal  bundle  which  we  have  under 
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oliservation  takes  on,  with  chlorz!nc  iodiae  a  distinct  violet  colo- 
ration :  it  consists  of  iinlignified  elements.  Cells  with  broader, 
and  those  with  naiTOwer  openings  appear  in  regular  order.  The 
first  are,  Sieve-tubes  (u),  the  latter  («)  are  the  companion-cells.  Not 
ill  frequently  the  section  cuts  the  croBS-'wall  of  a  sieve-tube,  and  this 
cross-wall  appears  finely  pnnctate,  after  the  fashion  of  a  sieve, 
(compare  the  figure).  At  the  periphery  of  these  elements  are 
always  to  be  seen  a  number  of  cells  with  strongly  swollen  walls, 
and  cavities  almost  obliterated  (j"')  ;  these  are  the  sieve-tnbes  and 
companion -cells  which  were  first  formed,  bnt  now  have  their  f  nnc- 
tion  suspended ;  they  correspond  with  the  first  developed  elements 
of  the  wood,  and  in  contradistinction  with  it  are  distinguished  as 
the  primary  bast,  or  ProtophloSm.  With  chlorzinc  iodine  they 
nsoally  take  on  a  brownish  coloration.  These  cells  are  bounded 
by  the  cells  of  the  sheath,  and  the  innermost  of  these  always  are 
marked  by  the  special  width  of  tlieir  cavities.  The  sclerenchyma 
cells  of  the  sheath  pass  over,  by  means  of  some  intermediate 
members,  into  the  large-celled  parenchymatous  gi-ound  tiBsue(/), 
The  walls  of  these  large  cells  of  the  ground  tissue  are  also,  in  fully- 
developed  stems,  coloured  yellow  by  the  chlorzino  iodine,  only  here 
and  there  with  a  dash  of  violet.  Passing  still  nearer  to  the  periphery 
of  the  stem,  we  notice  that  the  fibro-vasal  bundles  are  here  pressed 
more  closely  together,  that  the  intercellular  passage  disappears 
from  them  first  of  all ;  in  some  cases  the  elements,  particularly 
those  of  the  bast,  are  reduced,  while  in  all  the  sheath  augments  in 
strength.  We  notice,  even  in  the  inner  bundles,  that  the  elements 
of  the  sheath  are  especially  thickened  and  lignified  on  the  inner  and 
outer  edges  of  the  bundle.  At  the  sides  we  see  the  more  strongly 
thickened  and  lignified  elements  only  at  the  sides  of  the  two  great 
vessels.  The  weaker  development  of  the  sheath  at  the  sides  of  the 
bast  and  of  the  inner  portion  of  the  wood  facilitates  the  passage 
of  nutrient  fluids  between  the  fibro-vasal  bundle  and  the  large- 
celled  ground- tissue.  In  the  fibro-vasal  bundles  lying  more  exter- 
nally, with  more  strongly  developed  sheaths,  the  commnnication 
is  maintained  on  both  sides  of  the  bast.  Lastly,  on  the  most  exter- 
nal bundles,  with  greatly  reduced  bast,  almost  sunk  between  the 
vessels  of  the  wood,  the  sheath  is  proportionally  weakened  on  the 
outer  side  of  the  bast.  The  communication  between  the  bundles 
and  their  environs  is  provided  for  in  this  way  in  Zea  (the  Maize), 
and  similarly  in  other  cases.  Lateral  union  (anastomosis)  of  small 
bundles  with  large  ones  is  commonly  to  be  seen  in  the  periphery 
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of  the  stem,  and  the  reciprocal  meeting  always  tates  place  laterally 
at  the  places  where  the  great  vessels  lie.  Close  in  span  the  epider- 
mis of  the  stem,  is  a  more  or  less  strongly  developed  rio)^  of  tissne, 
the  elements  constituting  which  appear  jnst  like  those  of  the 
handle- sheath,  and  also  react  clearly  with  chlorzinc  iodine.  Such 
a  distinct  sheath  of  tissue  bounding  the  epidermis  is  distii^nished 
under  the  name  Hypoderma.  This  hypoderma  is  interrupted 
only  under  the  spots  where  lie  the  stomata.  The  hypoderma  ami 
the  sheath  of  the  fibro-yasal  bundie  have  alilie  to  provide  foi' 
the  protection  of  the  thin-walled  tissue  and  for  the  stability  of 
the  entire  part  of  the  plant,  and  are  included  amongst  the  ele- 
ments of  the  mechanical  system,*  as  Stereldes,  while  the  tissne 
which  they  constitute  forms  the  system  of  mechanical  tissue,  the 
Steieome.  In  proportion  as  the  stem  mast  be  constructed  secure 
against  flexion,  so  mast  the  mechanical  appliance,  the  stereome, 
be  removed  as  far  as  possible  towards  the  periphery.  The  crowded 
peripheral  fibro-vasal  handles,  provided  alike  on  the  side  of  the 
bast  and  the  wood  with  a  strong  cover  of  sclerenchyma,  repre- 
sent here  a  system  of  complex  upright  girders.  The  sheaths 
of  sclerenchyma  are  the  ties,  the  fibro-vasal  bandies  themselves 
are  the  "filling."  The  hypodennal  hollow  cylinder  of  sclerenchyma 
strengthens  this  action,  even  when,  as  in  this  case,  not  strongly 
developed.  This  hollow  cylinder  is  mechanically  to  be  considered 
as  a  combination  of  numerous  "  ties,"  arranged  in  a  circle.* 

*  I  have  felt  nnnble  to  give  a  aatiatactorj  trsDslation  of  the  above  passage  in 
the  teit.  I  piopose  therefore  briefly  turther  to  endeavont  to  illnstrate  it.  Two 
Bets  of  pheniimeait  have  to  be  macbunioall;  provided  for,  the  one  affeotiug  the 
stem  aa  a  whole,  the  other  its  separate  fibro-vaBol  bundles.  First,  as  to  the  stem 
as  a  whole.  It  ba»  C0Dside»Ue  ireightto  bear,  its  own  and  thai  of  its  leaves. 
It  mnst  therefore  be  meohanicallj  constructed  to  resist  crushing.  It  baa  to  bear 
often  considerable  lateral  stroinB,  from  wiuds.  It  therefore  must  also  be  con- 
strDcted  to  resist  flexion.  In  both  these  respects  it  can  be  compared  with  a  pier 
of  a  bridge,  especially  a  cjliadricol  iron  pier  of  a  lofty  rsilwaj  bridge.  To  resist 
flexion  tliis  is  made  hoUow,  so  as  to  throw  all  the  strength  to  the  outside ;  and,  to 
aidiu  rasisling  crushing,  it  may  be  filled  with  concrete.  Secondly,  aa  to  the  indi- 
vidual fibro-vasal  bundles.  The  sclerenchyma  layers  mill  help  in  the  above  pur- 
pose ;  but  the  bundles,  being  on  the  one  hand  water,  and  on  the  otber  hand  food 
conduits,  must  be  protected  mainly  from  the  lateral  strains  which  would  tend  to 
crush  their  elements,  nialte  them  "collapse."  and  so  cease  to  functionate.  This 
protection  is  the  main  duty  of  the  sheath  ol  sclerenchyma.  Its  being  thickened 
most  on  the  inner  and  outer  side  of  the  bundles,  and  taking  thus  the  farmlsrgely 
of  two  arcb«s  concave  to  each  other,  makes  its  structure  the  most  advantageous 
for  its  purpose,  since  tbe  main  strains  in  such  a  cylindrical  stem  are  radtal 
To  this  we  may  add  one  more  factor :  the  course  of  each  of  the  ftbio-iasal 
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Very  instructive  is  it  to  lay  some  cross-sections  in  a  solution 
of  aoda-corallin.  All  the  lignified  elements  of  the  fibro-vasal 
bundle,  and  of  tbe  groand-tissue,  stain  in  a  short  time  a  brilliant 
coral-red,  the  non-lignified  elements  rose-coloured.  In  the  section 
thus  treated,  the  sclerenchyma  cells  of  the  sheath,  especially  at 
the  inner  and  outer  edges  of  the  bundle,  stand  out  conspicuously, 
and  the  walls  of  the  vessels  are  coloured  similarly  to  the  sheath, 
but  somewhat  more  brownish.  The  hypodermal  ring  coloars  the 
same  as  the  bundle-sheath. 

It  is  worth  while  now  to  make  a  radial  longitndinal  section 
through  the  stem.  To  obtain  this,  take  a  piece  of  the  stem  about 
■i  or  ^  inch  lor^,  cnt  it  in  two  longitudinally  through  the  middle, 
and  take  the  sections  from  the  cnt  surface  of  either  half.  Do  not 
be  satisfied  with  a  single  section,  as  otherwise  the  chance  of  obtain- 
ing in  the  preparation  a  fibro-vasal  bundle  cut  actually  median  is 
too  slight.  Such  a  raedian-cut  fibro-vaaal  bundle  can  he  recognised 
on  examination  of  the  section,  in  that  it  shows  at  the  same  time 
the  bast  portion  and-the  annnlar  vessel  projecting  into  the  inter- 
cellular passage.  If  the  longitudinal  section  is  laid  in  chlorzinc 
iodine  we  can  at  once  readily  make  out  a  violet  coloration  of  the 
bast  portion,  and  the  thin- walled  cells  surrounding  the  intercellular 
passage  have  also  a  violet  colour.  The  other  elements,  as  we  have 
seen  in  the  cross- section,  are  distinctly  coloured  yellow  to  yellowish- 
brown.  For  the  rest,  we  prefer  to  select,  for  further  study,  a  section 
which  we  have  previously  stained  with  soda-corallin  (Fig.  41).  Here 
also  itia  desirable  first  of  all  to  determine  in  which  direction  lies  the 
surface  of  the  stem.  As  in  the  cross- section,  we  pass  in  our  examina- 
tion from  the  inner  towards  the  outer  side  of  the  bundle.  We  then 
see  that  to  the  broad  cells  of  the  ground-tissue,  in  outline  well-nigh 
square,  succeed  narrower  ground-tissue  cells,  and  after  these  follow 
the  narrow  cells  of  the  fibro-vasal  bundle-sheath  (vg).  These  last 
elements,  deeply  stained  with  corallin,  show  marked  elongation,  join 
one  another  with  horizontal  or  more  or  less  inclined  end-walls,  and 
are  provided  with  small,  cleft-like,  obliquely  ascending  pits.    In  their 

bundles  from  its  lower  to  ha  upper  eitiemit;  is  uenallj  not  etruight,  but  in  the 
fotm  o(  an  elongated  Wch,  the  concavity  outwards,  they  thus  become  akin  to 
"  attuts."  If  the;  annstooioae,  or  join  tof^ther,  as  they  da  mo^t  beautlfally  in 
some  cases,  the  mecbanical  analogy  is  still  more  complete,  sioee  tliey  then  Fe- 
nemble  the  network  o(  connecting  girders  with  which  all  observers  of  iron  bridges 
are  familiar.  I  select  iron  bridges  lor  this  illustration,  foi  in  them,  aain  nature, 
the  smnllest  amount  of  material  is  made  to  ko  the  greatest  possible  way.     [Ed.  ] 
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interior  is  to  be  found  a  peripheral  lajer  of  protoplasm  of  TCry  i-c- 
dnced  dimenBions,  and  in  each  a  small  nucleus.  We  have  here  to 
do  with  elongated  aclerenchy ma  cells.  To  the  cells  of  the  sheath 
Bucceeds  the  intercellular  passage,  and  we  can  determine  that 
it  follows  without  interruption  the  whole  length  of  the  bundle. 
Thin  sectioiiB  are  often  entirely  bi-oken  into  two  parts  by  thie 
passage.  It  is  surrounded  by  thin-walled  cells,  which  are  far 
shorter  than  those  of  thesheath,  have  more  cell-contents,  end  in  hori- 
zontal walls,  and  can  be  described  as  primary  wood-parenchTllia. 


P 


Fib.  tl.— LonffitadiBd  radial  section  fliiongli  n  Bbro-viiBiil  linnile  In  the  item  pf  Zta 
■oil.  a  and  u',  HSTnenta  of  an  annalar  TeBfol;  tr.  spiral  TCBeel;  r.  eitve-tulje;  >.  rMm- 
panion-ceUa )  fji,  prolapblOim,  1,  i^patute  (int«tcelluLar  paieage)  ^  xq,  ehcath(K  ISC). 

Into  the  intereellnlar  passage  project  nanally  isolated  rings;  they 
are  attached  to  the  outer  side  of  the  intercellular  passage,  i.e.  to 
that  side  nearest  the  periphery  of  the  stem.  They  arise  from  an 
annular  vessel  torn  during  the  elongation  of  the  interaode.  Other 
sirialler  isolated  rings  may  also  often  be  seen  clinging  to  th'a  or 
the  other  aide  of  the  intercellular  passage  (a).  Colleetiyely  they 
represent  the  remnants  of  the  elements  of  the  protozvlem.     Im- 
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pinging  on  the  larger  rings  outwardly  are  one  or  aeveral  broader 
or  narrower  spiral  vosBels.  In  the  case  represented  in  Fig.  41, 
only  one  snch  was  present,  and  that  a  pretty  narrow  one  (sp). 
Fcrther  succeed  comparatively  short  primary  wood- parenchyma 
cells,  with  pitted  and  partially  reticnlately  thickened  walls.  These 
cells  are  Bomewhat  more  strongly  thickened  than  are  those  by  the 
intercellular  passage.  Thus  we  arrive  at  the  bast  portion,  recog- 
nisable in  the  corallin  preparation  by  some  thick  rose-red  coloured 
cross- walls,  the  aieTe-plates  of  the  sieve-tubes  (u).  These  sieve- 
plates  are  highly  refractive ;  and  stronger  magnification  shows  that 
they  are  pierced  by  fine  pores,  after  the  fashion  of  a  sieve,  and  that 
on  one  side,  seldom  on  both,  is  collected  a  highly  refractive  plug 
of  "  elitne."  In  the  periphery  of  the  bast  (at  pr),  where  in  the 
cross-section  were  visible  the  awoHen  cell- walls  of  the  protophloiini 
elements,  a  specially  beautifully-coloured  cross-plate  shows  up. 
This  is  a  sieve-plate  covered  with  Cftllns,  the  structure  of  which 
we  shall  further  study  hereafter  on  other  more  favourable  ob- 
jects. The  callus-plate  extracts  the  corallin  with  special  avidity, 
and  therefore  stands  ont  so  sharply  stained.^  By  the  side  of  the 
eieve-tnbes  can  be  distinguished  the  companion-cells.  They  are 
narrower  and  shorter  than  the  sieve-tubes,  and  have  besides  other 
richer  contents,  and  a  readily  visible  nucleus,  for  which  we  look 
in  Tain  in  the  sieve-tnbea.  Cells  of  the  sheath  again  bonnd  the 
fibro-vasal  bundle.  Their  end  walla  are  here  in  part  so  strongly 
inclined  that  we  can  speak  of  them  as  acleTeiichyma-fibiea.  The 
innemiost  cells  of  the  sheath  have,  as  the  cross-section  has  already 
shown,  a  compai'atively  broad  cavity.  Starch,  grains  are  not 
found  in  the  fibro-vasal  handle  ;  here,  however,  they  are  wanting  in 
the  cells  of  the  ground  tissue  also.  -  All  the  cells  of  the  fibro-vasal 
bnndle  and  ot  the  ground  tissne,  with  the  exception  of  the  cells  form- 
ing the  vessels,  and  of  the  sieve-tubes,  contain  nuclei. — It  is  clear 
that  such  a  median  longitudina!  section  of  the  bundle  as  is  de- 
scribed above  can  show  neither  of  the  two  great  vessels.  If  the 
aection  be  not  exactly  -nedian,  or  not  quite  thin,  such  may  show 
by  deeper  focussing,  but  it  is  then  however  very  indistinct.  In 
order  to  study  the  longitudinal  section  of  one  of  the  great  vessels, 
we  must  look  for  a  section  which  cuts  the  fibro-vasal  bundle  later- 
ally. We  shall  then  see  that  the  great  vessel  is  obliquely  pitted, 
and  more  seldom  spirally  thickened.  In  these  pitted  ducts  the  thick- 
ened parts  form  a  network.  The  pits  broaden  out  at  their  bottom, 
but  are  however  only  unilaterally  "  bordered,"  in  that  the  corre- 
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Bpondiag  pit  of  the  adioining  cell  of  the  wood -parenchyma  is  want- 
ing in  a  "border."  These  cells,  too,  are  far  lees  thickened  than 
the  vessels.  The  diaphragms,  or  cross-walls,  of  the  great  ducts 
quickly  attract  attention  in  the  longitudinal  section.  'They  show 
a  doubly  formed  ring,  which  besides  only  projects  a  slight  distance 
into  the  cavity  of  the  duct.  These  rings  originated  in  a  thicken- 
ing of  the  outer  edges  of  the  cross-walls,  the  inner  unthickened 
part  of  which  was  afterwards  dissolved  (resorbed).  From  the 
number  of  the  .diaphragms  we  can  therefore  draw  a  conclusion 
about  the  nnmber  and  size  of  the  cells  of  which  the  duct  is 
composed.  Corresponding  with  the  diaphragms,  the  vessel  shows 
slight  constrictions  on  its  outer  side. 

It  may  be  of  interest  to  put  up  some  well-chosen  cross-  and 
longitudinal  sections  of  the  fibro-vasal  hnndle  as  permanent 
preparations.  The  colours  obtained  by  means  of  chlorzino  iodine 
and  corallin  are  .not  pennanent  in  such  preparations ;  bnt  lasting 
colours  can  be  given  by  means  of  saffranin  or  iodine-green. 
Very  instmctive  double  staining  can  be  effected  if  the  section  is 
first  placed  for  a  short  time  in  iodine-green,  and  then  somewhat 
longer  in  Grenacher's  alum-carmine  *  or  for  a  similar  time  in 
Hoyer's  ammonio- acetic  carmine;  instantaneous  double  staining 
can  be  obtained  by  means  of  picric -nigrosine,  or  picric-aniline- 
blue.  In  this  way  the  alum-carmine,  the  ammonio- acetic  car- 
mine, the  nigrosine  and  aniline-blue,  respectively  stain  the  nn- 
lignified,  the  iodine  and  the  picric  acid  the  ligniSed  tissues  in  the 
preparation.  The  cell-contents  take  the  colour  of  the  carmine, 
the  nigrosine,  or  aniline-blae  respectively.  The  preparation  can 
be  put  up  in  glycerine  jelly  or  in  glycerine.  In  the  latter  case, 
the  edge  of  the  cover-glass  must  be  hermetically  closed.  For  this 
purpose  we  remove  with  blotting-paper  any  glycerine  that  niay 
have  flowed  from  nnder  the  edge  of  the  cover-glass,  and  surround 
this  edge  with  a  solution  of  Canada-balsam  *  in  turpentine, 
benzole,  or  chloroform,  made  as  thick  as  syrup.  The  operation  is 
best  performed  by  means  of  a  glass  rod,  about  the  thickness  of 
a  thick  match,  from  which  the  superfluous  Canada-balsam  is  first 
allowed  to  run.  Gold-size  is  not  suited  for  closing  glycerine  pre- 
parations, as  it  will  not  cling  to  a  glass  surface  moistened  with 

■  01  these  the  solution  in  turpentine  is  best,  as  it  does  not  become  brittle 
when  dry;  otherwise  a  jerk  may  make  the  oover-gliaa  spring.  Tlie  solution 
can  be  kept  in  a  bottle  with  a  bell-sbaped  external  ground  cap,  to  keep  out 
the  air.      [Ed.] 
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glycerine.  It  is  however  highly  desirable  to  cover  the  Canada- 
balsam  with  gold-size  after  it  has  become  quite  firm.  For  this 
pai-pose  it  is  best  not  to  use  the  gold-size  too  thickly,  but  to  put 
on  a  second  layer.  In  this  operation  a  fine  camel-hair  pencil  should 
be  used.  * 

Instead  of  the  stem  of  Zea  Maia,  in  case  this  plant  is  not  at  our 
disposal,  can  be  taken,  with  very  similar  results,  the  stem  of  Avena 
sativa  (the  Oat),  or  that  of  some  other  grass. 

Now  take  cross  and  longitudinal  section  of  a  fully- developed 
leaf  of  Iris  fiarentina  preserved  in  alcohol.  Here  also  the  prefer- 
ence is  given  to  alcohol  material,  because  it  is  more  easy  to  obtain 
good  sections,  it  contains  no  air,  and  besides  that,  the  cell-contents 
are  fixed,  so  that  we  can  more  readily  obtain  information  about 
them.  The  section-cutting  will  be  facilitated  if  the  material  is 
previously  laid  in  a  mixture  of  alcohol  and  glycerine.  Lay  the 
sections  for  some  hours  in  alcoholic  borax -carmine ;  then  treat 
them  for  a  short  time  with  iodine-green.  The  cell-contents  have 
taken  up  carmine,  which  in  the  form  of  borax-carniine  does  not 
stain  the  cell-walls;  on  the  other  hand  the  lignified  walls  are 
stained  green  with  iodine-green.  The  vessels,  at  least,  appear 
stained,  and  usually  also  the  enter  elements  of  the  sheath,  i.e.  those 
fmpinging  on  the  bast  of  the  bundle.  Besides  this,  a  group  of 
elements  with  swollen  walls,  the  protophloem,  stand  out  in  the 
outer  region  of  the  bast  by  their  blue  coloration.  We  will  there- 
fore commence  with  the  study  of  snch  a  preparation,  from  which 
the  Fig.  42  is  consti-ucted.  In  this  figure  all  the  cells  which  are 
especially  rich  in  contents,  and  therefore  are  conspicuous  from  their 
red  coloration,  have  their  interior  shaded.  The  green -col  cured 
walls  of  the  vessels  are,  on  the  other  hand,  represented  darker  in 
the  figure,  while  the  group  of  protophloem  elements  coloured  blue 
are  left  clear.  The  thickened  elements  of  the  ground-tissue 
bounding  the  bast,  when  the  section  is  taken  through  the  base  of 
the  leaf,  are  yet  nnlignified,  and  therefore  remain  unstained.  To 
lapidly  stain  a  section,  it  can  be  treated  with  iodine-green  alone ; 
the  staining  of  the  cell-contents  red  as  here  described  is  then  absent. 
If  the  iodine-green  should  stain  only  the  lignified  cell-walls,  the 
exact  time  for  staining  must  be  carefully  watched.  We  proceed 
in  the  examination  fi'om,  the  wood  towards  the  bast,  and  therefore 
from  the  upper  surface  of  the  leaf,  turned  to  the  interior,  towards 
the  lower  surface,  turned  outwardly.  We  first  determine  that  the 
number  of  vessels  in  the  wood  is  pretty  considerable,  and  that 
*  See  note  on  page  99a. 
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tieir  width,  diminiahea  towards  the  bast.  The  vessels  directly 
impinge  npoa  one  another,  or  elite  ai-e  sepai-ated  by  the  slightly 
thickened  comparatively  narrow  cells,  with  abundant  cell-coutents, 
of  the  primary  wood-parenchyma.  Similar  cells  also  surround 
the  Tessels  ou  the 
flanks  o£  the  hun- 
and  separate 
them  from  the 
ground-tissne.  At 
the  inner  margin 
of  the  wood  are 
always  to  he  seen 
some  crushed 
elements,  proto- 
xylem  elements 
(<s),  whose  walls 
are  stained  like 
those  of  the  ves- 
The  hast 
shows  ^ain  an 
m  of 
and 
sells; 
the  contrast  is 
here  however  not 
BO  striking,  nor  is 
the  regularity  so 
great,  as  in  Zea. 
The  cella  with 
broader  cavities 
the  sieve- 
tnbes,  the  smaller 
i,  marked  oat 
by  their  abundant 
cell-contenta,  the 
companion  -  cells. 
In  the  outer  re- 
gion of  the  bast 
lie  the  crushed 
protophloijm  elements  (pr),  to  which  we  have  already  referred, 
whose  function  is  lost,  and  which  are  provided  with  swollen  walla 


FlO.  *S.— CTOM.B(CtiOtl  of  ■  1 

Sbro-vasal  biindla  from  the  leaf  of 

IH.p,rinti<m.    With  dark  coi 

the  bundle  vihioli  nre  rich  in 

contents  are  Bljadod.    m,  omehed 

■piral   ve-ie-e;    ip,  btouler 
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more  or  less  deeply  stained  bine.  This  onter  bast  portion  is 
enclosed  by  the  strongly  thickened  sclerenchyma  of  the  sheath, 
which  supports  the  fibro-vasal  bundle  with  a  more  or  less  power- 
fnl  string.  Around  the  remainder  of  the  fibro-vasal  bundle  a 
clearly  marked  sheath  ia  wanting ;  yet  it  can  be  determined  that 
the  cells  of  the  ground-tissue  nearest  to  the  fibro-vasal  bundle  are 
smaller,  and  that  they  join  together  without  a  break.  At  the 
flanks  of  the  bundle  these  small  cells  are  represented  by  but  a 
single  layer,  at  the  inner  boundary  of  the  vascular  part,  on  the 
contrary,  by  several  layers  ;  here  also  the  walls  of  some  of  these 
cells  are  well  stained  blue.  The  transition  to  the  lai^er  cells  of 
the  ground-tissue,  which  have  intercellular  tipaces  filled  with  air 
between  them,  takes  place  by  intermediate  forms. 

By  a  scrutiny  of  the  tissue  in  the  neighbourhood  of  the  fibro- 
vasal  bundle  it  will  be  seen  that  single  small  cells,  between  the 
lai^e  cells  of  the  ground- tissue,  contain  a  highly  refractive  crystal 
(Fig.  42  k).  It  offers  itself  to  us  either  in  cross-section,  or  in 
end  view ;  as  to  its  form  in  longitudinal  section  we  can  readily 
inform  ourselves. 

Similar  crystals,  contained  in  narrow  cells,  can  likewise  be  seen 
here  and  there  interposed  amongst  the  lai^er  cells  of  the  general 
tissue  of  the  leaf.  Preparations  which  it  is  desired  permanently 
to  preserve  can  be  best  stained  with  very  dilute  watery  safranin, 
which  must  be  allowed  to  work  for  only  a  short  time. 

In  order  to  control  the  results  hitherto  obtained,  take  some 
oross-aeotions  also  from  a  fresh  leaf.  We  then  determine  that  the 
large  cells  of  the  ground-tissue  in  the  outer  parts  of  the  leaf  con- 
tain chlorophyll-grains,  while  the  cells  included  in  the  fibro-vasal 
bundle  sheath  are  however  wanting  in  chlorophyll.  In  fresh 
preparations  the  vessels  are  filled  with  air,  whence  the  structures 
are  less  clear  than  in  alcohol  matenal. 

A  longitudinal  section  through  the  leaf,  cutting  through  the  middle 
of  a  bundle,  shows  us  at  the  inner  limits  of  this  bundle  the  strongly 
esteniieil,  partly  crushed  spiral  vessels,  which  we  already  saw  in 
cross-section  at  es,  and  distinguished  as  elements  of  the  protoxylem, 
t'.e.  as  the  first-developed  elemenf,a  of  the  wood  portion  of  the 
bundle.  Following  are  broader  more  closely  wound  spiral  vessels, 
and  then  again  scalariform  vessels  with  narrow  cavity.  In  the 
bast  the  sieve-plates  show  clearly  only  in  corallin  preparations. 
Further  outwards  the  sclerenchyma  fibres  are  recognised  by  their 
strong  thickening,  their  notable  length,  and  pointed  ends. 
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As  the  crystals  are  directed  parallel  to  the  long  axis  of  the  leaf, 

they  ehow  in   profile  in   longifcndinal  sections   (Fig.  43,  A,  D). 

They  lie 


A   A 


gated  cells  of  t 
nd-tisst 


Fis.  4S.— Crystsla.  ^,  crj'Bto]  of  oxalate 
ot  lime  eoolQsert  in  a  cell  from  ihr  '  "  " 
Irit  fiormtiua  (x240).    B~D,  Bgar: 


which  are  only  a 
little  larger  than 
the  crystals  thera- 
selves.  These 
cells  contain  no 
chlorophyll,  whi  I  e 
the  neighbourii^ 
celts  nsoally  con- 
tain chlorophyll. 
The  crystals  in 
question  dissolve 
readOy  in  hydro- 
chloric acid  with- 
out evolution  o£ 
gas,  whence  we 
readily  conclude 
that  they  consist  of  oxalate  of  lime.  All  the  crystals  oocnrring  here 
have  an  elongated  prismatic  form,  and  belong  to  the  monoclinic 
system  ;  most  of  them  appear  geminate  (twin  crystals),  (D). 

The  contents  of  the  crystal logenons  cells  are  not  stained  with 
coral  lin. 

The  fibro-rasal  bundles  of  the  Monocotyledons,  if  we  exclude 
immaterial  modifications,  reductions,  and  combinations,  are  con- 
strncted  npon  the  type  of  the  two  cases  we  have  thus  investigated, 
and  we  can  therefore  abstain  from  further  study  of  these  bandies. 
Closed  fibro-vasal  bundles  are  not  capable  of  increase  in  thick- 
ness, and  therefore  where  such  occurs  in  the  Monocotyledons,  it 
cannot  be  brought  about  through  the  medium  of  the  fibro-vasal 
bundles.  This  increase  of  thickness  results  from  the  action  of 
of  a  Cambimn-Ting  which  is  found  outside  the  fibro-vasal  bundles, 
and  is  confined  to  the  families  of  Dracteneoe  and  Alo'iness  t.e., 
the  so-called  "Arborescent  Liliacete"    and  the  Dioacorete. 

For  this  purpose  we  select  as  a  favourable  object  of  stndy  the 
plant  so  commonly  cultivated  in  gardens  and  nurseries  as  Vra- 
aena  ru6ra  (more  properly,  Gordyline  rubra).  The  plant  must 
be   sacrificnd  for  the  purpose    of    the    investigation.      Examine 
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first  with  the  naked  eye  the  Btem  cut  across;  we  shall  notice  in- 
side the  brown  cork-layer    the    green    soft    cortex,    somewhere 
about  ^  inch   thick,  towards  which  the  yellowish  hard  tissue 
of  the  stem  is  limited  by  less  sharply -defined  bounds.     At  this 
bonndary  lies  the  cambiom  ring.     In  the  yellowish  tissue  of  the 
stem    it    is     moreover 
distinguished  from  tho 
cylindrical     centre    by 
its  lighter  coloration. 

We  now  submit  a 
cross-section  to  micro- 
BCopical  examination,  " 
and  first  with  weak 
magnification  (Fig.  44). 
We  then  see,  first,  in 
the  central  portion  of 
the  stem,  a  ground- 
tissne  composed  of 
ronuded  cells  (m),  in 
which  are  irregularly 
scattered  isolated  cir- 
cular or  elliptic  fibro- 
vasal  bundles.  Ont- 
■ward  from  a  definite 
position  (the  inner  /') 
the  bundles  are  more 
numerons,  elongated  in 
radial  'direction,  and 
press  80  closely  to- 
gether  that  they  appear 
only  by  com- 
7  thin  streaks 

of     ground- tissue.        In  Pio.  i^—jh-aca-m  (Coranlin.)  ™fc™.     Crons-seotlon 

these    latter  the    cells     "■"■"b"  '■'^J,  »'«"„  '■  ^''™-™"?  ^""'"^''  ^'  *"'"« 

are         more        sti-ongiy       li^tniSed  elements  of  the  ground   iiBsiiei  t.  liiiniBea 

thickened,  coarsely    '^'aTd™^''f 'l3™ret''r™mbVum  ^[;''^^v^ 

pitted,  more  or  less  l,  cnrlti  jih,  oork.oambimo ;  r,  bundlea  ot  rHphidCH 
elongated  in  the  direc-      t"*"'- 

tion  of  the  radins,  and  clearly  arranged  in  radial  rows  with 
often  wavy  course.  Further  on,  we  come  to  the  boundary  between 
the   yellowish  inner  tissue  and   the  green  cortex  (c).     We  find 
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here  a,  zone  composed  of  flattened  thin-walled  cells,  strfctly 
fltranged  in  radial  rows.  It  is  the  Cambiam-ring,  which  providea 
for  the  increase  in  thickness  of  the  stem.  It  belongs  appareritly 
to  the  ground- tissue.  Its  most  flattened  cells  lie  in  the  middle 
o£  its  cross- section.  In  it  is  found  the  real  initial- lafer,  the 
cells  of  which,  in  conrae  of  constant  division,  produce  on  their 
inner,  and  to  a  smaller  extent  their  outer,  side  new  elements. 
These  divisions  result  from  the  formation  of  tangential  walls, 
and  produce  therefore  radially  arranged  cell-rows,  which  from 
time  to  time  are  niade  double  by  the  formation  of  radially 
directed  walls.  Embedded  in  the  growing  tissue  resulting  from 
this  cambium-ring  are  numerous  fibro-vasal  bundles  in  all  stages 
of  development.  The  youngest  consist  of  a  gi'oup  of  thin-walled 
cells,  the  oldest  are  already  perfect  at  their  inner  poi'tion,  while 
the  thin- walled  enter  portion  i.e.,  the  portion  towards  the 
periphery,  arc  still  immersed  in  the  cambinm-ring  and  in  course 
of  development.  XVom  the  position  where  the  fibro-vaeal  bundles 
appear  crowded  together,  and  the  cells  lying  between  them  have 
acq^uired  a  radial  arrangement,  the  tissue  is  Secondary,  produced 
by  the  activity  of  the  cambinm-ring.  The  Cortex  («■),  succeeding 
ontwardly  to  the  cambium- ring,  consists  of  rounded  cells. 
Between  these,  especially  in  the  inner  part  of  tlie  cortex,  occur 
single  cells,  in  which  lie  fine  needle-like  crystals,  in  each  cell 
closely  packed  together  into  a  bundle  (r).  These  are  the  bundles 
of  so-called  Raphides,  consisting  of  oxalate  of  lime.  They  are 
here  seen  in  end  view.  Individual  raph  ides -containing  cells  are 
sure  to  be  opened  by  the  razor  in  cutting,  and  the  fine  needles 
will  therefore  be  found  lying  scattered  over  the  section.  The 
rest  of  the  cortical  cells  contain  chlorophyll-grains.  In  the 
cortex  are  also  visible  single  round  cross- sections  of  bundles  (f ") 
which  are  passing  outwards  into  the  leaves.  There  succeeds  a 
thick  layer  of  thin-walled,  colourless  cells,  arranged  radially  (J), 
which  on  its  outer  side  passes  over  into  a  brown,  less  regular, 
tissue.  This  is  the  Cotk-layer,  consisting  of  gi-owing  colourless 
cork-tissue  in  its  more  internal,  but  of  old  irregularly  elongated 
and  discoloui-ed  cork-tissue  in  its  outer  parts. 

Especially  instrnctive  are  cross-sections  treated  with  corallin. 
The  fibro-vasal  bundles  are  thereby  sharply  defined.  The  ooi-allin 
also  always  colours  deeply  the  lignified  cells  of  the  secondary 
ground-tissue,  but  of  another  shade.  The  unlignifled  cell-walls 
appear  pale  rose-coloured.      In  the  cortex,  the  cells  containiog 
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raphides  appear  noir  filled  witL  clear  coral-red  to  orange-coloored 

contents.  We  easily  determine,  by  the  aid  of  thin  colora,tion,  that 
the  raphidea  lie  embedded  in  a  homogeneonH  Slime  [or  Macllage], 
whicli  accumnlates  the  coi-alltn.  Besides  the  power,  ■which  it 
shares  with  aniline-blae,  of  colonring  the  Callus  of  the  siere- 
platcR,  coralliu  has  the  specific  property  of  staining  Vegetable  Slime 
or  Mucilage.  If  we  lay  the  longitudinal  section  of  Ilracrtna, 
stained  with  corallin,  in  alcohol,  and,  moreover,  allow  this  last  to 
boil,  the  slime  remains  none  the  less  stained.  From  this  we  can 
conclude  that,  as  far  as  knowledge  goes,  it  consists  of  a  Starch* 
slime,  while  the  slime  the  result  of  the  degradation  of  cellulose 
is  decolorized  sometimes  even  in  cold,  bat  at  any  i-ate  in  boiling 
alcohol.'  Gnms  are  not  stained  by  corallin;  mixtures  of  slime  and 
gnm  (Gum -slime),  according  to  the  proportions.  On  the  other 
side,  wo  can  determine  that  watery  solution  of  nigrosine  does  not 
stain  the  slime  here  present,  even  after  long-continued  action ; 
while  it  stains  the  slime  of  Bitmex  (see  page  79). 

With  this  insight  into  the  cross- section,  which  indeed  suffices  to 
give  us  information  on  the  phenomena  of  increase  in  thickness, 
we  will  he  content,  and  in  this  case  abstain  from  the  stndy  of 
the  further  peculiarities,  as  also  of  the  longitudinal  section  of  the 

BEMABKS   OK  CHAPTER  Tin. 

'  On  the  fibio-va9s1  bundle  compurs,  above  all,  He  Bary,  Comparative  Anatomy 
(Eng.  trans.  1884),  especially  In  chapter  viii.,  ivhcre  will  be  found  the  entire 
older  literature.  Numeroua  more  recout  researches  into  tbe  morphology  at  the 
flbro-vaeal  bundle  have  not  since  then  received  collective  treatment.  This  bus, 
on  the  other  hand,  been  done,  as  far  as  the  onatomo- physiological  works  ate 
concerned,  by  G.  Haberlundt.  in  E'lCijhlupddie  tier  HaturmiiseKichafUn, — 
Il-iiidbucli  dtr  Botanik,  Bd.  II.  p.  693. 

'  The  terms  vascular-part  (Gefiinsthelll,  and  sieve-part  (Siebtheil),  introduced 
by  De  Bary,  Comp.  Aiiat.  chap.  viii.  [In  the  EDglish  translation  of  this  work 
the  terina  are  replaced  by  "  lylem  "  and  "  phloem  "  teapectively.] 

'  Compare  Haberlandt,  Die  Entwicktungigeichichte  det  mech.  Gewebeayilemi 
der  Pfiaiizen  (The  Development  of  the  Mechanical  System  of  PJauts). 

*  Schwendener,  Dits  mtchaii.  Princip.  im  anat.  Baa  der  ilonocoUjlen  (The 
Mechanical  Principle  in  the  Anatomical  Structure  of  Mouocolyledona). 

'  This  staining-Suid  introduced  by  Bzyezylowicz.  Compare  Bot.  Centralb. 
Bd-  XII-  p.  138. 

'  Compare  Tangl,  Jahrb.  fur  ahi.  Botanik.     Bd.  XII.  p.  170. 

'  Compare  Szyszylowicz,  as  above. 
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[Note  to  pafft  93.] 

•  Ot  the  above*  mentioned  stainB,  tliat  with  uirania  is  the  onlj  one  nhich 
is  qaite  permanent.  As  il  gives  ver;  beaatifull;  differentiated  figures,  it  can  be 
apeciftlly  recommended.  Permanent  doable  staining  can  be  obtained  bythe  nee 
of  melhjl-''"!**-  The  sections  are  first  treated  for  about  five  minutes  with  a 
lall;  Doncentrated  alcoholio  solution  of  methyl- violet,  then  bo  lar  decolorised 
in  aleohol  that  the  unlignified  membranes  appear  ool;  feebly  Gtained,  tlien 
transferred  to  water  for  sous  mioales.  and  from  this  into  one  ol  the  carmine 
solutions  already  mentioned.  Some  control  is  needed  in  order  to  see  when  the 
staining  has  been  rightly  oarried  out,  and  the  decolorising  is  best  effected  on  an 
object  slide  nnder  the  low  power  of  the  microscope.  If  the  tiny  white  earthen- 
ware saucers  sold  for  paint  boxes  are  nsed  for  stainiug  aud  decolorising,  the 
white  baokgiound  much  facilitates  the  process  to  the  naked  eye.  Tery  effective 
double  staining  can  likewise  be  obtained  by  first  staining  with  logwood,  then 
trith  magenta  in  50  per  cent,  alcohol,  and  then  carefully  removing  this  latter 
colour  by  means  of  alcohol  (in  which  it  can  be  completely  diseolved  out)  until  it 
is  left  only  in  the  liguified  and  cutioularieed  membranes. — Hoyer's  mounting 
flnid  is  very  useful  for  permanent  preparations,  and.  liice  glycerine  jelly.  Deeds 
no  further  closiiig. 

For  the  transfer  of  large  sections  (the  edges  of  which  are  liable  to  curl  over) 
from  one  fluid  to  another,  "aeotioa  lifters"  made  of  thin  platinum,  with  a 
wooden  handle,  will  be  found  useful ;  or  copper  wire  with  one  end  beaten  out  aa 
recommeuded  in  the  latroduotion. 
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CHAPTER  IX. 
open  collateral  vascular  bundles. 

*     Material  Wanted. 

Rannera  o£  the  Creeping  Buttercup  {R'lnttnculut  repens).     Fresh, 

or  in  alcohol. 
Stems  of  the  Celandine  (Ghelidoniitm  majai).     In  alcohol. 
Roots  of  Scoitonera,  or  of  Dandelion.     Fresh,  or  in  alcohol. 
Stems  of  Arietolochia  S{})lio,  J  to  ^,  and  f  inch  thick.     In  alcohol. 

As  a  first  example  for  tbe  study  of  Open  collateral  rascalar 
bnndlea,  as  they  are  peculiar  to  the  Dicotyledons,  we  select  the 
creeping  stems  (runners)  of  Rananculus  repens  (the  creeping 
Buttercup).  We  cut  through  the  older,  fully  developed  parts, 
and  stain  the  sections  with  safranin,  in  order  to  facilitate  our  task. 
The  cross- section  shows  that  the  vascular  bundles  are  com- 
pletely isolated  from  one  another,  but  arranged  in  a  single  circle 
in  the  stem.  The  ground-tissue  consists  of  rounded  cells,  which 
become  smaller  towards  the  periphery  of  the  stem,  contain  chloro- 
phyll-grains, and  have  between  them  large  intercellular  spaces. 
The  epidermis  forms  the  snrface  of  the  stems ;  in  the  interior, 
through  the  stretching  apart  and  destruction  of  the  cells,  the 
stem  is  hollow.  The  vascular  bundles  give  throughout  the  same 
impression  as  those  of  the  Monocotyledons ;  the  same  parts  are 
recognisable  in  the  same  order.  The  xylem  portion  consists  of 
vessels  and  wood  parenchyma.  The  vessels  nearest  to  the  inner 
side  of  the  bundle  havo  not  taken  up  much  stain ;  they  are 
annular  and  spiral  vessels  belonging  to  the  protoxylem.  To  these 
succeed  broader  spiral  vessels  (Fig.  45  e)  and  pitted  duets.  These 
latter  appear  somewhat  angular,  and  their  walls  betray  the  bor- 
dered pits.  The  more  lateral  pitted  ducts  are  bi-oader,  tliose  in 
the  medium  portion  of  the  bundle,  on  the  other  hand,  smaller. 
Between  and  ai-onnd  the  vessels,  especially  at  the  inner  edge  of  the 
bundle,  lies  thin-walled  wood- parenchyma.  Between  the  narrow 
median  pitted  ducts  are,  in  general,  only  isolated  wood-paren- 
chyma cells,  recognisable  by  their  contents.     All  the  vessels  are 
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stained  brownieh-red  in  the  Safranin.  In  the  bast  is  again  very 
yisible  the  alternation  of  lai^r  sieve-tabes  (v)  and  smaller  com- 
panion-cells.  In  the  peripliery  of  the  bast  can  be  recognised  the 
narrow  cavities  of  the  protophloem  elementa.  The  bast  is,  how- 
ever, separated  from  the  wood  by  a  mnltitaiuellar  layer  of  cells 
arratij^ed  radially.     These  cells  remain  in  the  camblal  state.     Here 


for  the  firet  time  we  make  the  acquaintance  of  snch  a  cambittm, 
and  it  causes  these  bundles  to.be  ranked  as  open  bundles,  that  is, 
those  which  are  capable  of  farther  development  throngh  the 
activity  of  their  cambiam.  Sach  bnndles  are  not  foand  amongst 
Monocotyledons,  bnt  are  proper  to  almost  all  Dicotyledons.    The 
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cambinm  of  the  vaacnlar  bundle  of  Banunculus  repem  doea  not, 
however,  enter  into  renewed  activity,  so  that  secondary  thickening, 
aach  as  we  shali  find  later  on  in  this  chapter,  is  not  brought  aboat. 
The  vaacnlar  bnndlea  are  snrroanded  by  a  ahen-tb  of  sclerenchyma- 
like  elements,  which  are  stained  a  besatifnl  bright-red  in  safranin. 
The  aclerenchymatona  elementa  are  specially  nnmerona  on  the 
bast  side,  and  are  also  more  strongly  thickened ;  nevertheless  the 
baat  itself  ia  separated  from  them  by  thin-walled  cella.  The 
sclerenchyma  fibres  are  wanting  on  the  flanks  of  the  bundle, 
marking  the  limits  between  the  wood  and  the  bast.  There  the 
sheath  becomes  entirely  parenchymatous,  its  elements  are  nn- 
thickened  and  anlignified,  and  so  form  the  "  plafies  of  passage," 
which  provide  an  easy  com  man  i  cat  ion  between  the  vascular 
bnndlea  and  the  snrronnding  ground-tissue.  The  layer  of  ground- 
tiaane  aucceeding  to  the  sheath  is  distinguished  by  the  richness  in 
etarch  contents  of  its  chlorophylUgraina,  and  forms  a  so-called 
starch<sheath.  This  latter  is  specially  noticeable  on  the  bast  side 
and  the  flanks  of  the  bundle,  while  it  becomes  unrecognisable  on 
the  inner  edge.  On  the  bast  side  its  cells  not  infrequently  contain 
a  red  cell-sap.  In  the  longitndinal  section  we  can  readily  deter- 
mine  the  presence  of  annular,  spiral,  and  pitted  vessels  [pitted 
ducts],  and  between  them  elongated  cells  of  the  primary  wood- 
parenchyma;  then  follow  thin-walled  camhium-eella,  aieve-tubes, 
and  com  pan  ion -eel  Is.  At  both  edges  we  find  the  thickened  ele- 
ments of  the  sheath,  which  join  on  to  one  another  with  more  or 
less  oblique,  pitted,  cross-walls;  and  at  the  onter  edge  are  also 
readily  recogniaable  the  elementa  of  the  atamih- sheath,  diatin- 
guished  by  their  marked  shortnesa,  and  the  richnesa  of  their 
etarch  contents. 

The  vascular  bundle  of  Ckelidoniuin  ■majiii  is  so  similar  to 
that  of  Banuncultie  repens,  that  the  cross-section  can  be  understood 
without  further  reference.  Here,  however,  we  prefer  alcohol 
material.  The  wood  shows  lai^e  vessels,  closely  crowded  togethei-, 
which,  in  the  older  parts  of  the  stem,  have  yellowish  walls.  The 
bast  is  strongly  developed ;  between  the  two  lie  the  thin- walled 
radial  rows  of  ceJIa  developed  during  the  brief  activity  of  the 
cambinm.  Only  the  stronger  bundles  have  a  string  of  strongly 
thickened  elongated  sclerenchy ma-cells  recognisable  at  the  onter 
edge  of  the  bast.  In  older  parts  of  the  stem  these  cells  likewise 
assume  a  yellow  colour.  For  the  rest,  the  vascular  bundle  is 
sheathed  by  ground-tissue  celts,  which  do  not  differ  fi-om  those 


loy  Google 


LATEX -SYSTEM.  '  103 

farther  removed,  but  are  not  separated  by  intercellnlar  spaces. 
These  elementa  are  usually  distingniahed .  by  the  presence  of 
nnmerons  chlorophyll-grains,  and  by  abnndance  of  starch.  These 
starch-containing  elements  are  specially  represented  around  the 
vascular  or  wood  portion  of  the  bundle.  The  large-celled  pith 
very  early  becomes  hollow.  The  mechanical  stability  of  the  stem 
is  provided  for  by  a  ring'  of  elongated,  parencbymatoua,  strongly 
thickened  and  lignified,  yellow-coloured  elements,  which  surround 
the  whole  stem,  and  are  separated  from  the  bundles  by  the  chloro- 
phyll-containing layer  of  cells.  To  this  ring  succeed  two  layers 
of  narrow  cells,  of  which  the  inner  contain  chlorophyll,  the  outer 
are  collenchymatously  thickened,  and  their  walls  appear  white. 
The  epidermis  comes  next  to  this  outer  layer.  In  and  near  the 
bundle,  however,  we  meet,  for  the  first  time,  a  new  element — the 
milk-tubes  [latex-tubes,  laticiferoas-tubes.]  In  the  bast  portion  of 
the  tibro- vasal  bundles,  and  also  near  the  inner  Itmitfl  of  the  wood, 
but  especially  numerous  at  the  flanks  and  near  the  outer  edge  of 
the  string  of  sclerenchyma,  and  single  examples  also  in  the  remoter 
ground-tissae  between  the  fibro-vasal  bnndlea,  we  notice  cells  with 
dark-brown  contents.  These  contents  consist  of  the  orange-red 
latex  of  Chelidonium,  coagulated  in  alcohol.  The  cells  in  question 
are  EO  striking  that  it  is  impossible  to  overlook  them.  They  are 
all  thin-waHed,  even  those  which  are  inserted  within  the  outer 
edge  of  the  string  of  sclerenchyma ;  they  are  not  even  distingaished 
by  any  special  form.  The  latei-tnbes  can  be  found  very  easily 
also  in  radial  longitudinal  sections.*  They  ai-e  recognised  at  once 
by  their  yellowish-brown  contents.  They  present  the  appearance 
here  of  long  tubes  rnnning  tiiereabonts  parallel  to  the  long  axis  of 
the  stem.  Without  difBcalty  the  existence  of  cross-walls  in  these 
tubes  can  be  determined.  These  cross-walls  are  more  or  less 
clearly  pierced  iu  their  centres  by  one  or  moro  pores ;  they  are 
entirely  wanting,  also,  here  and  there,  where  we  should  expect  to 
find  them.  In  not  exactly  rare  cases,  one  or  another  of  the  vessels 
in  the  fibro-vasal  bnndle  shows  itself  to  be  fall  of  coagulated 
latei.  Lateral  communications  of  the  latex-tubes  cannot  be 
observed  in  GhelidoniuTn. 

*  To  obtain  radial  longitadinal  aeationa,  take  a  pieoe  ol  the  item  abont  ^-inch 
long,  oat  it  in  ball  down  the  middle,  and  take  aeotiona  from  the  cut  aurfaoe. 
If  the  balf-atem  is  too  thin  to  hold  readily,  stick  the  point  of  a  needle  (in  a 
holder)  through  it  [rom  aide  to  side,  and  parallel  with  the  out  aurface;  then, 
laying  the  needle  flat  an  the  left-hand  index-finger,  cut  the  aeotiona.     [Ed.] 
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Anastomosing  Utex-ves<els  (latlciferoni  Tessels)  can,  h 

be  fonnd  in  the  Poppies  (Papai)erttee{E),  the  Bellworts  {Oatnpanii- 
lacea),  and  in  the  lignlifloral  section  of  the  Composites  {Giclioria- 
eex),  as,  e.g.  in  the  Dandelion.  Of  these  we  can  select  as  an 
example,  the  garden 
^coTzonera  (S.  hinjMn- 
?cn),  not  infrequently 
{p'own  in  kitchen-gar- 
dens for  itd  parsnip- like 
roots.  Tangential  sec- 
tions, taken  from  the 
external  part  of  the 
root,  a  short  distanco 
below  the  exterior,  if 
treated  as  described 
aboce,  will  show  in  the 
bast  portion  of  the 
Ubi-o-vasal  bandies  an 
CI  tensive  network  of 
latex-vessels  filled  with 
their  very  granular 
contents,  shown  in  Fig. 
45*. 

An  extraordinarily 
t  favourable  object  for 
the  study  of  the  growth 
in  thickness  of  the 
dicotyledons  is  Arista- 
lochia  Sipho,  a  hardy 
deciduous  climhing 
plant  not  infrequently 
cultivated  in  England, 
and  material  for  the 
investigation  of  which 

Fio.  <6'.— LnlBT  T«saelJ  In  the  hint  ot  ScoiwiKTa       will    therefore    bc    pro- 

£l;;T»irnX°d!'uCt^bfi'''"™°''°''''"°"  bably  not  difficult  to 
obtain.  It  is  desirable 
to  collect  it  at  the  end  of  June.  Our  desci'iption  will  be  made  from 
freshmaterial,  but,  with  the  exception  of  the  green  colour,  will  sei-ve 
also  for  alcohol  material.  Take  first  a  cross -section,  through  a 
twig  abont  ^  or  ^  inch  in  thickness.     This  section  (Fig.  45*") 


loy  Google 


OPEN  BUNDLE   Of  AEIBTOLOCHIA.         -  105 

slioira  with  a  lens  an  internal  large-celled  pith  (m),  around  this 
a  belt  of  isolated  vaacular  bandies  (/-"■),  round  this  farther  a 
continnons   white   ring  (ik),  then  green  cortical    tissae  (c),  and 
finally  a  yellowish -green  peripheial  rind  (cl).     With  a  low  powci" 
under  the  microscope  we  can  determine  that  the  pith  consists 
of  ronnd,  large  cells,  in  part  filled  with   air.      In  the  vapcnlar 
bundle  the  wood  (tii)  appears  darker,  pierced  with  holes  which  are 
the  vessels;  then  follows  the  cambinm  zodc  (fc),  composed   of 
narrow,  radially  arranged,  clear  cells,  and  then  the  bast    (eh), 
n-hich  appears  somewhat  clear,  but  withont  thti  regnlar  arrange- 
ment  shown   by  the  cambinm  zone.     Each  handle  is  boi-doi'cd, 
especially    in     its     onter 
part,  by  a  parenchymatous 
tissue,  containing  chloro- 
phyll-grainB  to  some  ex- 
tent, perhaps  also  reserve 
food  material  a.   The  white 
ring,STicceedingoiitwardIy 
to   these,  ia  composed  of 
strongly  thickened     scle- 
venchyma-cells  ;    between 
the  fibro-vasal  bundles  it 
projects  inwai'ds  in  a  some- 
what wedge-like  fashion. 
Impinging     on    the    ring 

towards  the   exterior  is  a         Frfl.4S**.-CniFi>-Hcti(aiilirong1iRtwJgDt Jrifl<.. 
tissue    containing   chloro-     .l«''i»Sipl....«i«-ut  |inoL.ijithiAnfl  ^   "/'"■i/"- 
"  vMciilnr  Irandlce.  of  wliioli  til  is  tlie  wood,  end  oS 

phyll,  the  innermost  layer  iiioiiiBt])ortioiii/f,fuc[ciiUrcambiiim(f/e.liiie-- 
of  which,  bounding  upon      '"°it"'"''','™'".'l°",'''.P'''^'^  ^"I'-^'^^'^fT 

^  '^       '^  UD   tlio  outer  Nde  oc  tlio  baat,  n'Liicb    effecta  a 

the  sclerenchyma  ring,  is       IrBnntinn  lothe  givund-iiB^nei  pc,  pericjule:  tk, 

marked  by  its  richness  "'^.".''';noi,a'ii"brml(xT'"'''"'"''  ''  ""'" 
in    starch,    and    belongs 

to  the  category  of  so-called  "  Btarch-sheatha,"  Such  starch- 
sheaths  resemble  in  position  the  "  endodermis  "  of  roots,  which  we 
shall  hereafter  study,  and  form  the  innermost  layer  of  tho  primary 
cortex.  The  whole  axial  portion,  thus  sniTOUDdcd  by  the  primaiy 
cortex,  is  known  as  the  central  cylinder,  and  its  periphei-al  tissue, 
separating  tho  vascular  bundles  from  the  cortex,  and  which 
consists  in  this  case  of  parenchyma  and  the  sclerenchyma  cylinder, 
is  called  the  pericycle  (pc).  After  treatment  with  iodico  this 
starch-sheath  stands  out  very  clearly.     There  follows  a  tissue, 
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likewise  ctlorophyll-containiDp  and  with  hiutow  cavities,  with 
glistening  cell-walls  more  strongly  thickened  in  the  corners,  in 
which,  by  this  last  peenliarity,  we  recogDise  collenchyma. 
[Compare  Fig,  45***,  showing  coll enchy ma- cells  from  the  leaf- 
stalk of  a  Bfgonia.']  Ontside  all  is  fonnd  the  epidermis.  The 
collenchyraft  ring  is,  however,  traversed  by  certain  dark  green 
prolongations  of  the  inner  cortical  tissue,  which  estend  np  to  the 
stomata. — This  general  information  will  suffice,  and  we  will  now 
turn  to  the  study  of  a  single  bundle.  This  can  only  be  on  very 
thin  sections.  Snch  we  prepare  with  care  from  the  alcohol 
material,  which,  in  order  to  be  able  to  cut  it  better,  we  have 
previously  placed  for  24  hours 
in  a  mixture  of  half  alcohol  and 
half  glycerine.  These  sections 
also  are  stained  by  a  longer 
action  of  safranin.  The  figure 
of  a  Tai!cular  bnndte  in  course 
of  development  from  a  twig  ol 
the  current  year,  placed 
alcohol  abont  the  beginning 
June,  appears  as  in  Fig.  46. 
The  vascular  bnndle  begins 
at  its  inner  margin  with  thi 
walled  primary  wood- parenchy- 
ma (p),  in  which  are  enclosed 
narrow  vessels  (the  protoxylem) 
gradually  becoming  broader  as 
we  pass  towards  the  exterior. 
The  primary  wood- parenchyma 
becomes  at  the  same  time 
thicker  walled.  This  applies 
still  more  to  the  vessels,  while 
the  space  between  is  occupied  by  still  more  strongly  thickened 
tracheides  with  bordered  pits  (m').  These  are  not  broader  than 
the  wood -parenchyma  elements  lying  between  them,  but  are  dis- 
tinguished from  them  by  more  strongly  thickened  walls,  and  the 
absence  of  contents.  The  fully  developed  vessels  and  tracheidea, 
as  well  as  the  thick- walled  wood- parenchyma,  stain  an  intense  red 
in  the  safranin,  the  thin-walled  wood-parenchyma,  like  the  ground 
tissue,  only  a  bright  brown  colour,  against  which  the  innermost 
vessels    therefore  stand  out  very  clearly.     We  can  see  withont 
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difficulty  that  the  inDermoet,  and  at  the  same  time  Emallest,  of 

these  are  completely  cmshed.  These  crushed  vessels  belong,  to  the 
protoxylem  (vlp).  The  two  largest  vessels  (m")  of  the  vascnlar 
bnndle  represeiited  ia  the  figure  are  in  course  of  development. 
Between  the  two  developing  vessels  lies  a  yonng  thin-walled  tissue, 


Fid.  40. — Crosi-Eectlon  throngli  4  yonng  tniff  of  this  jear's  growth  of  Ariitofochia  Sipitv, 
•bowing  a  fibro-iTifal  bundle  filer  the  ounliium  bas  eommenCHi  lis  aciivilr.  p.  paren. 
ch.TrnaCon  a  elements  at  tb«  innemlnmltj'  of  lbs  wood;  ill),  protoiylem  elemente ;  m' and 

the  cambium  In  tlie  InUcior  of  tbe  flbro-vasal  bDnillsB;  v.  sieie-inbe;  ctip,  pTotophloim 
elementa ;  pa.  (iiHiie  ol  the  pericfcle  ;  iIe,  isner  part  of  tbe  ring  of  Bclereuobjma-flbi'es 

arranged  in  radial  rowa,  and  therefore  arising  through  the  activity 
of  the  cambium.  The  camhinin-sone  bounds  the  ontermost  limits 
of  the  two  large  vessels ;  in  this  a  specially  flat,  but  otherwise  not 
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sharply-defined  layer  of  celts,  repreRents  the  initial  lajer.  Suc- 
ceeding towards  the  exterior  are  the  thin-walled  eictDentB  of  the 
hast,  the  radial  arrangement  of  the  inner  portion  of  which  also 
indicates  a  secondary  derivative  of  the  cambium.  In  this  bast  are 
the  aicve-tnhes  (i>),  clearly  diet ingnish able  from  the  companion- 
cells  accompanying  them  by  the  abundant  contents  of  these  latter. 
Amongst  sieve-tDbes  and  companion- cells  there  are  also  scattered 
cells  of  the  bast  parenchyma,  smaller  in  diameter  than  the 
sieve-tubes,  bnt  broadening  towards  the  limits  of  the  bast,  and 
passing  over  without  sharp  delimitation  into  the  wide  ground- 
tissue  elements  by  which  the  bast  is  bounded.  In  the  outer  part 
of  the  bast  are  narrow  sieve-tubes  and  companion-cells  intercalated 
amongst  the  broadening  parenchymatous  elements ;  they  consti- 
tute the  protophloSm  (cip).  The  bast  ia  separated  from  the 
sclerenchyma  ring  (»t)  by  a  large-celled  cortical  parenchyma, 
devoid  of  intercellnlar  spaces.  The  sclerentdiyma  ring  appears 
quite  OS  deeply  stained  as  the  lignified  part  of  the  vascular 
bundle.  Under  the  pressure  of  the  elements  newly  developed 
from  the  cambium,  the  protophloem  elements  are  sooit  crushed. — 
The  formation  of  the  interfaacicular  cambiam  is  very  instructive 
in  such  Bections.  With  the  commencement  of  the  activity  of  the 
cambium  in  the  vascular  bundle,  the  ground-tissue  cells  imping- 
ing laterally  upon  it  (i.e.  the  cambium)  have  become  stretched, 
and  partition  walls  are  formed  in  them  (ic).  Thus  streaks  of 
cambium  are  developed,  passing  through  the  elements  of  the 
ground- tissue,  which  connect  together  the  cambium  streaks  in  the 
circularly  ai'ranged  vascular  bundles  into  a  continnous  cambial 
ring.  As  the  accompanying  Fig.  46  shows,  the  formation  of  the 
interfascicular  cambium  (ic)  in  Aristohchia  Siyho  is  extraordinarily 
easy  to  follow,  and  the  original  contour  of  the  ground-tisane  cells 
which  liave  been  divided  can  be  long  recognised.  The  plates  of 
ground-tissue,  separating  the  individual  bundles  of  the  ring,  and 
across  which  this  interfascicular  cambium  is  developed,  are  the 
primary  medullary  rays.  A  structure  recognisable  as  a  sheath 
around  the  separate  vascular  bundles  of  Aristolochia  Sipho  is 
completely  wanting.  The  ring  of  sclerenchymatons  elements 
forms  a  common  sheath  to  the  whole  of  the  interior  tissue  of  the 
stem. — A  delicate  radial  longitudinal  section,  which  has  cut 
through  pretty  near  the  middle  of  the  vascular  bundle,  and  is 
stained  with  corallin,  shows,  most  internally  in  the  bundle, 
elongated  primary  wood  parenchyma  with  horizontal  end  walls. 
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botwGcn  them  very  heutow  annular  vessels,  more  of  less  crushed, 
then  somewhat  hroader  annular  VeBsels,  perhaps  partially  showing 
transitions  to  the  spiral  form ;  then  cloaely- wound  broader  spiral 
vesaels,  partly  showinjf  transitions  to  the  reticniated  form;  and 
finally  the  broadened  ducts,  with  bordered  pita.  Between  these 
vessels  can  be  seen  very  elongated  tracheides,  devoid  of  contents 
and  with  bordered  pits ;  single  fibres,  like  to  the  tracheides  in 
form,  bat  having  pits  withont  borders,  and  containing  starch  ; 
thick-walled  wood  parenchyma,  short,  with  horizontal  end  walla, 
and  likewise  with  anbordered  pits  and  starch.  The  immature 
dttcts  appear  as  broad  cylindrical  as  yet  thin-walled  cells,  separated 
by  horizontal  end  walls,  with  abnndant  peripheral  protoplasm,  and 
with  nncleos.  In  the  mature  dact  these  contents  are  no  longer 
observable,  and  in  the  place  of  thecomplete  end  walls  these  pitted 
ducts  show  only  annnlar  projecting  diaphragms.  The  flat 
("tabular")  cellaof  the  cambiam  ring  show  abundant  protoplasmic 
contents,  nuclei,  and  delicate  horizontal  end  dividing  walls.  The 
sieve-plates  are  extraordinarily  beautiful.  Often  they  are  oblique, 
and  offer  to  the  observer  their  entire  rosy  surface  with  darker 
shining  dots.  The  side  walls  of  the  sieve- tubes  are  likewise  covered 
withsmall,finely  punctate,  rose-coloared  sieve-pits, usually  elongated 
in  cross  direction.  In  the  periphery  of  the  bast  is  shown  in  the 
most  striking  manner  the  formation  of  the  callnB-plates,  which 
cover  either  both  sides  of  the  sieve-plate  in  similar  quantity  or 
preponderatingly  on  one  side  only  of  the  steve-plate,  as  bright 
roae-colonred,  highly  refractive  masses,  rounded  on  their  free  aides, 
i.e.  the  sides  towards  the  cavities  of  the  constituent  cells  of  the 
sieve-tube.  The  small  sieve-pits  on  the  side  walls  also  have 
small  callus -plates.  Besides  the  sieve-tubes  will  be  noticed  the 
companion- cells,  thickly  filled  with  cell  contents,  and  the  hroader, 
shorter  cells  of  the  bast  parenchyma,  usually  with  starch  contents 
bat  less  protoplasm.  The  bast  is  separated  from  the  ring  of 
sclerenchymaioaa  elements  by  the  parenchyma-cells  of  the  ground- 
tiasne.  The  sclerenchyma-fihres  of  the  ring  are  very  long,  pointed 
at  their  ends,  with  their  ends  interlapping  between  one  another, 
and  are  provided  with  fine  pits.  Finally  we  can  also  determine 
that  the  collenchyma-celia  adjoining  the  epidermis  are  many 
times  as  long  as  broad,  and  join  on  to  one  another  with  horizontal 
end- walls. 

Let  US  now  continue  our  observations  upon  an  older  stem,  about 
{•inch  thick.    First  cut  it  across  and  examine  the  cut  surface- 
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with  the  lens.  Tbe  pith  is  particilly  destroyed  and  considerably 
diminiahecl,  and  appears  extended  obliqaely.  Though  the  activity 
of  the  camhiam,  tbe  vascnlar  bandies  have  nndei^one  considerable 
increase  in  mass.  The  plates  of  gronnd-tissne  which  separate 
them  are  elongated  to  a  corresponding  degree,  similar  radial  plates 
of  tissne  having  been  added  on  to  them  by  the  cambinm  pari 
jjossu  with  the  secondary  extension  of  the  vascular  bumlles  them- 
selves. The  whole  of  this  tissue,  which  lies  between  the  pith  and 
the  cambinm,  we  describe  as  the  wood,  and  distinguish  therein  the 
xylem  bnndles  from  the  medullary  rays  separating  thein.  The 
xylem  bundles  consist  of  the  primary  vascular  portion  and  the 
secondary  increase  ;  the  whole  secondary  increase  in  the  xylera 
bundle  constitutes  the  secondary  wood,  which,  however,  is  not 
separated  by  a  clear  line  of  limitation  from  the  primary  wood. 
The  pith  and  the  medullary  rays  appear  white,  from  containing 
air ;  the  wood  is  yellowish.  The  thickest  medullary  rays,  usually 
ten  to  twelve  in  number,  end  in  the  pith ;  these  are  the  "  primary" 
medullary  rays,  those  which  from  the  beginning  separated  the 
vascular  bandies.  Bounding  the  pith  are  the  oldest  wood 
portions  of  the  vascniar  bnndles.  Since  the  broad -cavi tied 
ducts  are  wanting  there,  they  show  as  a  denser,  darker- colon  red 
ring,  penetrated  by  the  primary  medullary  rays.  After  this  follow 
the  concentric  annua!  rings.  The  breadth  of  the  openings  of  the 
ducts  increases  daring  the  first  year's  growth  til!  a  definite  niaxi- 
ninra  diameter  is  attained  ;  it  then  again  diminishes.  The  limits 
of  the  yearly  rings  are  clearly  marked  by  the  broad  openings  of 
the  ducts,  in  that  after  the  wood  of  the  first  year  the  broadest 
vessels  are  only  produced  at  the  commencement  of  the  growth  in 
spring.  The  onter  parti  of  the  year's  riug,  that  is,  the  wood  which 
is  developed  in  the  late  summer  of  each  year,  including  the  first, 
has  no  vessels  distinguishable  with  the  lens. ^Proportionally  as 
the  secondary  woody  body,  i.e.  that  developed  after  the  interfasci- 
cular cambinm  has  commenced  its  activity,  increases  in  circuit, 
new  medullary  rays  are  interposed  therein,  which  we  can  distin- 
guish as  medullary  rays  of  the  seconil,  third,  etc.,  oi-der,  bat  in 
general  collect  nnder  the  name  of  Becondary  medullary  rays.  The 
intercalation  of  new  medullary  rays  takes  place  here  with  the 
greatest  regularity.  The  farther  weremoveourpoint  of  view  from 
the  centre  of  the  stem,  eo  much  the  more  numerous  the  medullary 
rays  become,  and  so  mach  the  shorter  those  newly  developed 
appear.     At  the  outer  limit  of  the  woody  body  we  see  the  cam- 
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binm  ting  as  a,  darker  circle,  which  ehowe  also  aa  a,  delicate  line 
within,  i.e.  in  pB,ssiDg  thmngh,  the  medallarv  rays.  On  the  oppo- 
site  side  to  the  secondarj  wood  can  be  seen  the  clear  brown- colon  red 
Becondary  hast,  similarly  developed  from  progressive  growth.  The 
mednllary  rays  broaden  ontitide  the  cambinm  as  a  i-esnlt  of  their 
subsequent  growth  in  breadth,  due  to  the  increase  in  thickness  of 
the  stem.  The  bast  portions  are  not  capable  of  snch  a  snbseqnent 
growth  in  breadth,  and  appear,  therefore,  exteriorly  to  dwindle  and 
become  rounded  off.  The  originally  continuons  ring  of  scleren- 
chyma  has  been  broken  into  isolated,  uneqnal,  olive-green  colonred 
portions ;  and  similarly,  also,  is  the  originally  continuons  and  still 
darker  olive-green  colonred  layer  of  coUenchyma.  The  protec- 
tion of  the  interior  has  now  been  undertaken  by  the  peridemi, 
which  covers  the  surface  of  the  stem  as  a  brown  sheath,  and 
shows  clear  lamination.  The  whole  of  the  portion  subsequently 
developed  through  the  activity  of  the  cambium,  which  includes  in 
iteelf  the  secondary  bast,  and  the  broadened  ends  of  the  medullary 
rays,  is  spoken  of  as  Becoiiilary  cortex,  in  contradistinction  to  the 
primary  cortex  present  before  the  commencemeiit  of  the  increase 
in  thickness.  A  sharp  limit  between  primary  and  secondary 
cortex  is  here,  however,  not  present. 

Wo  next  investigate,  with  stronger  magnification  and  on  deli- 
cate cross- sections,  the  strnctare  of  the  stem  described  above. 
Tbe  tissue  of  the  pith  is  found  destroyed  in  the  interior,  and  most 
of  the  cells  contain  air ;  many  cells  contain  cinster-crystals  of 
oxalate  of  lime,  others  starch.  Especially  rich  in  starch  is  the 
somewhat  narrow-cavitied  tissue  in  the  exterior  of  the  pith,  in 
which  the  protoxylem  bandies  are  immersed.  This  zone  we  will 
distinguish  as  the  medullary  sheath.  The  xytem  bundles  have 
drawn  somewhat  nearer  together  into  the  centre  of  the  stem, 
crushing  tc^ether  the  pith  and  the  inner  parts  of  the  primary 
medullary  rays.  The  same  fate  has  befallen  the  protoxylem,  at 
least  BO  far  aa  the  thin-walled  elements  are  coacerned.  The 
vessels  formed  in  the  early  part  of  each  year  show  an  increase  of 
volume  up  to  the  third  or  fourth. yearly  ring.  From  spring  to- 
wards antmnu,  in  each  year's  ring,  the  width  of  the  ducts  decreases 
very  rapidly.  Shortly  before  the  close  of  the  vegetative  period  in 
each  year,  only  very  narrow  elements  are  formed.  The  latest 
proportion  of  the  wood  consists  of  comparatively  narrow  and 
strongly -thickened  elements,  which  have  bordered  pits  and  appear 
devoid  of  cont«nts,  and,  therefore,  are  trachc'tdes.     They  contain 
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air  or  w(iter.  IF  contents,  sach  an  starch -grains,  are  seen  in  them, 
they  have  been  swept  out  of  neighbonring  cells  by  the  razor. 
Especially  snrroanding  the  dncts,  but  also  scattered  between  the 
trachejdes,  are  somewhat  less  thickened  elements,  with  shallow 
pits,  protoplasmic  contents,  and  commonly  also  containing  starch  ; 
these  are  wood- parenchyma  cells  and  wood-fibrea.  The  dncts  ai-e 
only  provided  with  bordered  pits  where  they  are  in  contact  either 
with  one  another  or  with  tracheides ;  where  the  pit  of  a  dnct  or  of  a 
tracheide  bits  npon  the  pit  of  a  wood- parenchyma  cell  or  wood- 
fibre,  it  is  only  bordered  on  one  side,  namely,  the  side  towards  tb<> 
dact  or  tracheide,  i.e.  only  on  this  side  has  the  pit  its  month 
contracted. 

The  cloBing;  membTane  of  snch  a  nnilaterally  bordered  pit  is 
withoat  a  central  thickening  (Toms),  and,  in  distinction  from 
closing  membranes  provided  with  a  toms,  colonrs  bine  with 
chlorzinc  iodine.' 

The  cells  of  the  medullary  rays  are  elongated  radially,  their 
walls  comparatively  little  thickened,  and  with  numerona  small 
pores.  They  contain  starch,  air,  or  cluster-crystals  of  oxalate  of 
lime.  At  the  outer  limits  of  the  ligneous  mass  we  easily  recog- 
nise the  cambinm,  composed  of  thin-walled,  flattened,  radially 
arranged  cells,  and  on  the  other  side  of  this  the  thin-walled 
elements  of  the  hast.  Besides  the  sieve-tubes  and  com  pan  ion- eel  Is 
are  also  found  in  this  case  starch -containing  cells  of  the  bast- 
parenchyma.  The  secondary  bast,  developed  through  the  activity 
of  the  cambium,  has,  therefoi'C,  acquired  these  last  additional 
elements.  In  exceedingly  thin  sections,  the  alternation  of  non- 
collapted  layers  of  cells  with  collapsed,  completely -flattened  layers 
can  be  followed.  The  layers  of  cells  which  are  not  collapsed 
consist  of  bast- parenchyma  cells,  for  the  most  part  rich  in  starch, 
and  produced  in  spring.  The  flattened  layers,  on  the  other  hand, 
consist  of  the  subsequently  developed  sieve-tabes  and  companion- 
cells  and  scattered  bast- parenchyma  cells,  which  are  crushed  by 
the  gjxiwth  of  the  next  year.  The  bands  of  bast- parenchyma  in 
the  older  parts  of  the  bast,  like  the  similar  elements  in  those  parts 
which  are  still  active,  show  up  (should  they  contain  starch)  very 
prominently  after  addition  of  iodine.  Material  collected  at  the 
beginning  of  winter  is  especially  rich  in  starch.  The  dead  parts  of 
the  bast  become  therefore  more  and  more  pressed  together,  and 
form  thus  arched  white  bands,  continually  becoming  thinner  and 
further  apart  as  we  pass  to  the  exterior  of  the  bast.     The  layers 
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of  living  bast-parench  yma  keep  pace,  by  oell-diviBion,  witb  ihe 
increase  in  tliictnesa  of  the  stem.  By  the  intercalation  of  new 
medullary  rays  the  bast  undergoes  repeated  bipartition,  and  there- 
fore every  outer  part  of  tte  bast  always  overlaps  two  inner  portions. 
Ontside  the  ring^a  of  bast  cao.  be  seen  the  parenchymatous  elements 
of  the  pericycle,  stretched  into  a  this  zone,  and  then  the  dis- 
connected fragments  of  the  ring  of  sclei-enchyma-fibres.  These 
fragments  are  separated  by  a  parenchymatous  tissue  which  has 
penetrated  on  both  sides  between  them.  That  the  sclerenchyma 
fibres  of  this  ring  contain  protoplasm,  and  to  some  extent  starch, 
can  be  determined  even  now  in  the  parts  of  the  ring  which  still 
remain.  The  fragments  of  the  starch-sheath  can  scarcely  be 
i-ecogiiiaed,  the  inner  part  of  the  primary  cortex  contains  many 
cells  fall  of  air.  The  ring  of  colJenchyma  is  likewise  separated 
into  pieces ;  bnt  here  also  not  merely  a  ruptnre  results,  but  in 
single  places  tangential  extension  of  its  cells  ensnes,  which  then 
commence  dividing  and  so  give  origin  to  masses  of  parenchymatous 
tissue.  The  surface  of  the  stem  is  covered  with  periderm,  which 
shows  wider  zones  of  broad  thin-walled,  and  narrower  zones  of 
narrow  thick-woUed,  cork-cellB,  in  beautiful  alternation.  As  in 
the  pith  and  medullary  raya,  so  also  in  the  cortex,  are  found 
scattered  crystal -masses  of  oxalate  of  lime. 

The  radial  longitudinal  section  shows,  in  the  secondary  wood, 
first  the  broader  and  narrower  ducts,  with  bordered  pita,  and 
annular  diaphragms,  the  tracheides  with  bordered  pits,  the  less 
thickened  wood-fibres,  recognisable  by  their  contents  and  their 
shallow  pits,  and  the  wood- parenchyma,  leas  thickened  than  the 
tracheides,  and  joined  into  eontinnons  rows  or  lines.  If  a 
mednllaTy  ray  ia  cut,  its  thin-walled  cells  can  be  seen  proceeding 
in  radial  direction,  and  therefore  straight  across  the  section.  At 
the  outer  limit  of  tho  wood  we  can  recognise  the  cambium- eel  Is, 
flat  (tabniar),  rich  in  protoplasmic  coutents,  tbin-walled,  ending 
on  one  another  with  horizontal  walls ;  then  the  still  active  portion 
of  the  bast,  and  then  the  alternating  collapsed,  and  non-collapsed 
flattened,  elements  of  the  older  bast.  The  laminated  periderm  in 
the  periphery  is  very  beautifully  exhibited.  The  longitudinal 
section  appears  just  aa  does  the  cross-section  ;  the  cells  are  just  as 
long  as  broad.-— In  catting  the  wood,  the  direct  course  of  the 
medullary  rays  appears  to  the  naked  eye.  This  arises  from  the 
marked  length  of  the  intemodes,  i.e.  the  spaces  between  the  points 
of  origin  of  the  leaves,  in  which  the  vascular  bundles,  like  the 
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mednllBry  rays,  preaerve  their  direction  nncbanged.  The  tangen- 
tial longitudinal  section  of  the  stem  ehowH  nnder  the  microscope 
the  mednllftiy  rays  in  the  form  bf  broader  or  narrower  sti-eaks, 
separated  from  one  another  by  corresponding  streaks  or  layers  of 
the  iigneons  body  of  the  stem. 

If  we  examine  a  stem  which  has  been  cot  in  winter,  before  the 
commenoeraent  of  the  vegetatiTe  period,  and  laid  in  alcohol,  we 
notice  that  the  starch  has  disappeared  fiom  the  Htem.  If  at  the 
same  period  &  fresh  stem  be  examined,  we  find,  in  place  of  the 
starch,  yellow,  strongly  refractive  oil-dropein  the  cell.  The  starch 
in  most  woody  plants  appears  to  nndei^  a  similar  change  during 
the  winter.  The  oil-drops  have  disappeared  in  the  alcohol 
material. 

As  it  is  always  a  matter  of  no  slight  difliculty  to  make  ont 
correctly  the  individnat  elements  of  complicated  strnctores,  snch 
as  ai-e  shown  by  sections  throngh  the  wood,  we  will  therefore 
endeavonr  to  obtain  information  by  another  method.  We  call  to 
oar  assistance  the  so-called  treatment  by  "maceration."  For  this 
purpose  we  place  in  a  wide  test-tnbe  some  pieces  of  chlorate  of 
potash,  and  pour  over  them  enough  nitric  acid  to  completely  cover 
the  pieces*  ;  then  lay  in  tbisflnid  longitudinal  sections,  not  cut  too 
thin,  of  the  tissne  to  be  investigated,  and  warm  it  over  a  flame 
until  active  evolntion  of  gas  ensnes.  We  allow  the  reagent  to 
work  for  some  minntes,  and  then  pour  the  whole  into  a  large 
evaporating  dish,  or  sancer,  fnll  of  water.  The  floating  sections 
should  be  removed  from  this,  by  means  of  a  glass  rod,  into 
another  vessel  filled  with  water,  and  from  thence  into  a  drop  of 
water  on  an  object  slide.  The  maceration  should  not  he  carried 
on  in  the  same  room  in  which  the  microscopes  are,  as  the  vapours 
evolved  ai'C  injurious  to  them.  The  preparation  placed  on  the 
object  slide  can  be  torn  to  pieces  with  needles,  and  the  individual 
elements  thns  separated.  If  the  reagents  have  worked  rightly,  the 
middle  lamellaa  between  the  cells  will  be  dissolved  ;  the  separation 
of  the  cells  is  therefore  easy  to  complete.  All  the  elements,  which 
previously  had  to  be  studied  in  combination,  wi^  now  be  found 

*  If  the  proportiona  of  these  reagents  uenot  right,  red  fumes  of  nitrons  acid 
gM  nill  be  given  off,  and  the  tissue  may  be  entirely  dissolved.  W.  R,  McNab  . 
has  suggested  afluidcomposedoftwodcacbiuBof  nitric  acid  {ot  Ep.gr.  I'lO),  and 
S  grains  of  chlorate  of  potash,  in  nbiah  the  tissue  should  be  kept  for  a  fortnight, 
when  the  constituent  cells  can  be  isolated.  {Tram.  Edia.  Bot.  Soc.  vol.  zi.  p. 
2S3.)     [En.] 
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isolated  under  the  microscope.  They  are  nenally  well  preserved, 
excef>ting  that  the  lignin,  by  which  the  cellulose  in  the  wood  huti 
been  chemically  altered,  has  been  more  or  less  completely  removed, 
so  that  for  the  most  part  they  stain  violet  with  chlorzinc  iodine. 
First  we  notice  the  pitted  ducti,  nsualty  separated  into  segments 
at  the  places  which  indicate  the  annnlar  diaphr^ms.  Especially 
nnmerouB  in  the  preparation  are  the  isolated  tracheldes ;  they 
are  elongated,  have  tapering,  rounded  ends,  and  bordered  pits. 
These  pits,  owing  to  the  walla  being  swollen  by  the  reagent,  now 
present  the  appearance  of  narrow,  obliquely  ascending  clefts ;  etlU, 
by  focnasing,  yon  can  get  snccesaive  optical  sections,  which  will 
show  that  the  clefts  widen  towards  their  base.  Where  several 
tracheidea  remain  joined  together,  the  pits  show  a  cross,  because 
their  cleft-like  apertures  are  in  opposite  directions  in  adjoining 
cells.  Besides  ducta  and  trache'ides,  we  also  find  in  our  preparation 
cells  of  the  wood-parenchyma,  with  thin  walla  and  large  shallow 
pits;  they  are  also  recognisable  by  their  conglomerated  grannlar 
cell- con  tents.  The  wood- parenchyma  ceila,  aa  we  can  easily  deter- 
mine, for  the  most  part  remain  adhering  together  in  threads,  which 
simulate  the  wood-fibres,  bat  differ  from  them  in  that  their  cavity 
is  divided  by  crosa-walla  into  several  short  superposed  segments. 


NOTE  TO  CHAPTER  IS. 
■  Compare  Baesow,  Bot.  Ctnlrattl.  Bi.  XIII.,  p.  HO, 
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CHAPTER  X. 
STBUCTDBE  OF  TBE  CONIFEROUS  STEM. 
Material  Wanted. 
Pieces  cnt  from  the  periphery  of  an  old  bvanchlet  of  the  Si^tch  Fir. 
(Pintis  Bijlvfstris).     Cut,  and  placed  in  alcohol,  in  June  or  Jalj. 
Placed  in  half-and-half  glycerine  and  alcohol  twenty-four  honrs 
before  wanted  for  eection-cutting.     Likewise  fresh. 

We  will  first  take  up  n^ain  the  Scotch  fir  (Finos  sylvestris), 
already  once  investigated  by  us,  and  undertake  a  carefnl  study 
of  the  strnctnro  of  the  stem.  Since  we  have  learned  the  method 
of  growth  in  thickness  of  AristolocMa,  we  can  do  this  with  a  much 
clearer  comprehension. 

It  is  characteristic  of  the  Coniferse  that  the  entire  secondary 
growth  of  the  wood  consists  of  but  one  kind  of  element,  the 
tracheldea,  or,  as  here  in  the  Scotch  fir,  of  tracheides  and  individual 
strings  of  secondary  wood -parenchyma.  If  yon  wish  to  find 
vessels  in  the  Coniferte,  yon  mnst  look  for  them  in  the  medullary 
sheath,  in  the  primary  wood  of  the  fibro-vasal  bundle.  Even  in 
stems  of  half  an  inch  in  thickness  this  can  be  done  very  easily. 
In  cross-sections  passing  through  the  pith,  which  is  readily 
marked  ont  to  the  naked  eye  by  its  darker  colour,  it  can  be  seen 
that  the  inner  mai^in  of  the  ligneona  mass  consists  of  portions 
projecting  into  the  pith  and  composed  of  elements  with  narrow 
cavities,  and  with  somewhat  brownish  walls.  In  delicate  radial 
longitndinal  sections  passing  through  the  same  region,  we  can 
determine  that  these  elements  are  spiral  vessels.  Some  such 
vessels,  which  possess  at  the  same  time  spiral  bands  and  bordered 
pits,  serve  as  a  transition  to  the  tracheides  having  only  bordered 
pits. 

We  will  now  institute  a  carefnl  investigation  into  the  region 
of  the  cambium  ;  and  we  select  alcohol-material  as  best  for  the 
purpose,  since  in  fresh  stems  of  the  Scotch  fir  the  cambinm  is 
usually  torn  through  in  cutting,  while  dry  portions  of  stems  do 
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not  easily  give  good  sections.     The  alcohol -material  should  be  laid 
for  aboQt  twenty-fonr  honrs  in  a  mixture  of  equal  parts  of  alcohol 
and  glycerine,  after   which   it  can  be   prepared  specially  well. 
Alcohol -material  oSers  this  further  advantage,  in  that  the  cell- 
coateats  are  fixed.      We  select  for  the  investigation  pieces  from 
the  periphery  of  a  tolerably  thick  branchlet,  because  the  tracheideH 
in  the  later-developed  annual  rings  are  lai^er.      The  pieces  of 
stem  are  best  laid  in  alcohol  in  the  month  of  June  or  Jnly,  i.e.,  at 
a  time  when  the  cambium  is  in  full  activity,  and  I  assnme  that 
snch  a  piece  of  stem  is  used  for  investigation.     We  examine  the 
section  in  glycerine  ;  in  case,  on  the  other  hand,  we  wish  to  treat 
it  with  reagents,  we  first  wash  it  in  water.     We  begin  with  a 
delicate  cross-section  from  the  periphery  of  the  stem — a  section 
which  extends  through  the  bark,  the  cambinm,  and  several  annual 
ringa  of  the  wood.   We  first  figure 
to  ourselves  on  this  section  the 
things   already  known  from  onr 
observations    on    bordered    pits.        J 
We  see  the  tracheides  arranged     *' 
in  radial  rows ;  from  time  to  time       1 
such  a   row  doubles  in  its  ont- 
ward  direction.     In  outline,  the 
trache'ides  are   qnadrangnlar,  or 
else  with   five  or  six  sides.      In 
the   wood  formed  in    autumn  the       i 
trache'ides  are  narrower,  and  have        ^^^  4a*— DiBmammatio  section.  sIiob- 

thicker  walls.      After  these  thick-       ingjooclion  ot  sntonm  mil  spr.ng  wood 

walled  narrow  elements  succeeds 
passing  outwardly  without 
transition,  the  vood  of  the  follow- 
ing spring  growth,  with  its  elements  less  strongly  thickened  and 
with  broad  cavities.  This  sudden  change  makes  the  year's  limits 
visible  to  the  naked  eye  [see  Fig.  46*].  Parallel  to  the  radial  rows 
of  the  trache'ides  run  the  narrow,  Dsu'klly  unilamellar  (rarely  more), 
medullary  rayB,  generally  distinguishable  also  through  the  starch- 
contents  of  their  cells.  In  the  radial  walls  of  the  tracheides  [i.e., 
those  walla  directed  towards  the  medullary  rays]  are  the  bordered 
pits,  the  structure  of  'which  we  already  know.  On  the  tangential 
walls  [i.e.,  the  walla  directed  towards  the  centre  and  periphery  of 
the  stem]  they  are  exceediDgly  rare.  Between  the  tracheides  and 
the  stturch-containing  cells  of  the  medullary  ray  are  present  very 
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broad  unilateral  bordered 
pits,  so  broad  that  they 
almost  represent  the 
irhole  width  of  the  wall 
of  the  trache'ide  in  con- 
tact with  the  ray-cell. 
By  "nnilateral "  we  mnet 
nnderatand  that  only  on 
the  aide  of  the  trache'ide 
is  the  "border"  of  the 
pit  developed.  The  clos- 
ing membrane  is  neually 
bnlged  into  the  trache- 
'ide ;  it  appears  to  be 
without  a  "toi-us,"  The 
mednllary  ray  cells,  in 
those  places  with  which 
the  tangential  walls  of 
the  tracheides  adjoin, 
are  provided  each  with 
projecting  thickening 
ridge  (compare  with  Fig. 
47,  the  mednllary  ray  m- 
and  the  tracheido  walls 
impinging  npon  it).  The 
section  can,  however, 
have  been  taken  through 
a  band  of  empty  mednl- 
lary ray  cells,  and  these 
are  then  connected  with 
tlio  tracheides  by  pits 
which  are  bordered  on 
both  eidea.  In  the  im- 
mediate neigbbdnrhood 
of  the  cambium  we  see 
(Fig.  47)  the  as  yet  in- 
complete tracheides,  the 
so-called  "  young  wood." 
Passing  from  the  cam- 
bial  zone,  the  walla  of 
the  cells  increase  rapidly 
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in  thickneaa.  In  croas-seetions,  through  older  sterna,  we  moreover 
often  see  the  radial  walls  within  the  cambial  zone  itself  to  be 
thicker*  (as  in  Fig.  47),  What  we  mast  here  call  "cambinm" 
consists  in  the  Initial  layer  (t),  assumed  theoretically  to  be 
nnilamellar,  which  by  snccessive  tangential  divisions  givea  off 
njother-cells  of  the  tiasne  on  its  wood  and  baafc  Bides,  and,  from 
these,  tissne-cells,  still  in  course  of  division,  which  give  rise  to  the 
elements  of  the  wood  and  the  bast.  A  sharp  boundary  cannot  be 
drawn  between  the  initial  layer  and  the  mofcher-cella  of  the  tiaane 
of  the  wood  and  bast  reapectivoly.  The  youngest  partition  wall 
in  the  cambium  can  be  recognised,  in  that  it  passes  witbont 
interruption  to  the  radial  lateral  walls(i)  ;  somewhat  older  partition 
walls,  on  the  contrary,  join  on  to  the  side-walla  at  somewhat 
swollen  points  of  origin.  Towards  the  wood  side  the  development 
of  the  bordered  pits  can  be  followed  (1,  2,  3).  The  rows  of 
tracheidea  are  continned,  through  the  canibinm,  into  the  rows  of 
the  elements  of  the  bast,  which  maintain  an  equally  strong  radial 
arrangement.  The  cell-walls  on  the  bast  side  become  ■■apidly 
thickened ;  they  have,  however,  a  more  dead- white,  less  glistening 
aspect  than  in  the  wood.  On  the  radial  walls  of  the  broader  bast 
elements,  especially  on  the  places  where,  in  the  wood,  the  bordered 
pits  stand,  are  situated  the  sieve-areas  (ef;  in  very  thin  sections 
we  can  recognise  the  fine  pores  which  piei'ce  these  areaa.*  Narrow, 
prominent,  nnilamellar  bands  of  flattened  cells  alternate  with  the 
broad  layers  of  sieve-tubes.  These  bands  represent  the  baat- 
parenchyma.  The  greater  number  of  the  cells  in  the  baat 
parenchyma  are  distingnished  by  a  strongly  refractive  brown  cell- 
content  (k).  In  places  somewhat  foi'ther  removed  fron»  the 
cambium,  one  or  two  crystals  can  be  seen  in  the  brown  contents 
of  these  cells  [crystaUogenons  calls].  As  in  the  Scotch  fir  but 
one  band  of  bast- parenchyma  is  formed  yearly,  the  number  of 
tbera  can  be  nsed  in  estimating  the  age  of  any  particular  portion 
of  bast.  Between  the  cells  containing  crystals  are  others  full  of 
starch.  Crystal  or  starch-containing  cells,  singly  or  in  gronps, 
are  scattered  also  between  the  sieve-tnbea.  The  medullary  rays 
(m)  are  continned  from  the  wood  through  the  canibinm  into  the 
bast,  and  ia  this  latter  their  cells  also  in  part  contain  starch. 
Only  a  comparatively  narrow  zone  of  the  bast  consists  of  tnrgid 
elementa  retaining  their  original  arrangement.  Beyond  this 
zone  the  radial  rows  of  cells  are  carved,  the  cell-walls  begin 
to  grow  brown,  the  cavities  of  the  cella  become  more  or  leas  con- 
*  CompBDion  cella  to  the  sieve  tubes  are  not  developed  in  the  OjmQosperma. 
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tracted  by  pressure,  so  that  the  radial  walls  of  the  cells  anpear 
bent  in  waves  or  folds.  Only  the  starch-containing  cells  of  the 
bast  or  of  the  medulltwy  rays  enlarjfe  notably ;  they  become 
ponnded,  and  appear  now  as  more  or  less  globnlar  elements,  thickly 
filled  with  starch.  Finally,  the  aieve-tnbes  and  cells  containing 
crystals  are  completely  crushed,  and  elongated  tangentiaily,  and 
now  separate,  like  laminated  memla^nes,  the  large  Btarcb-contain- 
ing  cells.  The  outer  cortex  appears  now  to  consist  of  these  last 
only.  Further  outwards  in  thia  bark  we  enconnter  narrow  laminae 
of  cork,  and  outside  these  deep-brown  dead  tissue,  cut  off  by  them 
from  the  periphery. 

Hitherto   nnmentioned   are   the  strings   of  wood-parenchyma, 
which  are  sliown  in  every  cross-section  of  the  wood,  and  which 
always  contain  a  resiiL-caiuil  (Fig. 
43).     In  alcohol- preparations  this 
canal  has  lost  its  resin  contents. 
The  cross-section  through  the  wood 
cnts  the  resin-canals    likewise  in 
■cross-section.     Each  of  these  pre- 
sents itself  as  an  intercellular  pas- 
sage (i),  surrounded  by  a  layer  of 
lai-ge  thin-walled  cells  (Epithelial 
cells,  e).     The  walls  of  these  cells 
have  become  brown  ;  they  contain 
a  lai^e  nucleus  and  a  peripheral 
layer   of    protoplasm.      To    these 
cells  follow  a  second  layer  of  cells, 
of  similar  form,  but  poorer  in  con- 
ITjs,  IS.— Beam-canal  from  Vtte  wood      tents,  and  flattened ;    then  a  more 
of  Finu,  ^t.ari^    i.  tbe  onoai  flUod      ^iT  lesB  complete  sheath,  here  and 
ronnding  tha  jmseags  (canal)!  o.  colls      there  doubled,  of  large  starch-con- 
:onu^[tiR  March i  I,  tmoh^aosi  m,      taining     wood -parenchyma     cells. 
These  last  are  surrounded  by  tra- 
jheidea,  or  else  Impinge  upon  a  medullary  ray.     As  the  history 
of  their  development  shows,  the  resin  canals  arise  ichizogenouely, 
i-e-,  by  the  separation  of  cells  at  first  in  contact. 

For  the  purpose  of  comparison,  let  us  now  take  a  cross-section 
through  a  piece  of  fresh  pine-wood,  and  determine  that  the  resin 
canals  are  filled  with  Besio.  This  appears  in  the  preparations 
in  the  form  of  strongly-refractive,  extensible  drops,  often  with 
irregular  outline.     If  we  run  in  a  little  alcohol,  the  resin-drops 
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quickly  disappear.  "We  can,  moreover,  stain  them  in  chai-acteristic 
fashion  with  the  red  colouring  material  of  alcanna  ^  roots  [roots  of 
Alcanna  tinctoTia},  which  we  Lave  already  used  to  colour  oils. 
For  this  purpose  we  take  a  cross -section  through  the  wood  of  the 
Scotch  fir,  and  lay  it  on  the  object-slide  iu  a  drop  of  water.  We 
then  take  a  similar  thin  section  from  the  bark  of  a  dried  alcanna 
root,  blow  off  from  it  the  adhering  particles,  lay  it  upon  the  fir 
section,  and  cover  with  a  cover-glass.  Then  run  in  a  drop  of 
about  50%  alcohol  under  the  cover-glass,  and  allow  the  object 
to  stand  for  from  half  an  hour  to  an  hour,  If  now  the  alcanna 
bark  is  removed  and  the  section  of  fir  examined,  the  parts  con- 
taining resin  appear  stained  a  beautiful  dark  red  colour,  while  the 
other  parts  of  the  preparation  remain  entirely  nncoloured. 

Cross- sections  through  the  alcohol -material  treated  with  chlor- 
cinc  iodine  show  the  walla  of  the  trache'idea  yellow-brown ;  their 
inuermoEt  thickening  layer,  which  is  in  contact  with  the  limiting 
membrane  [t'.e.,  the  bright  refractive  line  immediately  snrronnding 
the  cell-cavity],  is,  however,  partially  stained  violet.  In  the  neigh- 
bourhood of  the  cambium,  in  tracheidea  which  are  not  yet  fully 
formed,  the  protoplasmic  contents  and  nucleus  are  now  easy  to 
see.  It  can  be  settled  equally  delinitely  that  the  tracheides,  when 
fully  formed,  lose  all  living  contents.  The  cambium,  with  the 
youngest  adjoining  cells,  has  stained  bright  viplet,  the  walls  of  the 
older  portions  of  the  bast  a  dark  violet  culour.  The  contents  of  the 
crystallogenons  cells  remain  brown,  while  those  of  the  cells  of  the 
periderm  now  appear  reddish -brown.  The  inner  snrface,  especially 
thin- walled,  of  the  cells  surrounding  the  resin-canal  nsnally  stains  a 
dirty  violet.  Careful  examination  shows,  moreover,  that  the  closing 
membrane  of  the  unilaterally  bordered  pits  has  stained  violet, 
while  that  of  the  bilaterally  bordered  pits  remains  uncoloured.* 

If  we  bring  to  bear  on  the  wood  of  the  Coniferas,  on  sections 
taken  through  the  cambium,  the  reactions  for  lignin  which  we 
have  already  tested,  we  can  readily  prove  the  gradual  extinction 
of  the  lignin  reaction  in  the  neighbourhood  of  the  cambinm. 
Corallin  also  must,  by  virtue  of  its  properties  already  known  to 
ns,  stain  the  lignified  cells  quite  differently  from  those  unlignified. 
We  obtain,  inileed,  very  beautiful  and  instrnctive  preparations 
when  the  sections  are  laid  for  some  time  in  soda-corallin  and  then 
examined  in  glycerine.  The  lignified  membranes  are  stained  a 
deep  red;  towards  the  cambium  this  red  disappears,  and  passes 
over  into  a  pale  yellow.     In  the  bast  the  cell-walls  have  a  pale 
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reddisb-yellow  coloration  ;  the  sieve-plates  are  coloured  deep  red, 
especially  where  they  ore  covered  with  a. callus  layer.  As 
corallin  also  stains  Btarch-graiiis  rose-colonr,  these  consequently 
stand  oat  quite  sharply  in  the  outer  parts  of  the  hast. 

Now  prepare  a  radial  longitudinal  section,  using  for  the  purpose 
the  alcohol-material.  The  radial  longitudinal  section  shows  ns 
in  the  wood  the  elongated  tracheides  with  bordered  pits,  bluntly  . 
tapering  at  both  ends,  and  by  these  ends  interlapping  with  one 
another.  The  surface  view  of  the  bordered  pit  is  already  known 
to  us.  The  bordered  pits  in  the  narrowest  tracheides  of  autnmn 
are  small  and  few.  Traversing  the  tracheides  horizontally,  we 
see  the  cells  of  the  msdnllary  rays.  The  niedallary  rays  have 
usually  little  height  [i.e.,  in  the  directiou  of  the  length  of  the 
tracheides,  and  therefore  of  the  length  of  the  stem]  ;  thoy  can, 
however,  occur  up  to  sixteen  cells  high.  They  consist  *  of  radially 
elongated  cells,  lying  side  by  side  in  ixiws.  The  median  cells  con- 
tain starch,  and  show  on  the  sides  of  the  tracheides  the  large, 
shallow,  unilateral,  bordered  pit ;  the  upper  and  under  rows  of 
cells,  from  one  to  three  in  nnmber,  are  empty,  with  small  bordered 
pits,  and  show  peculiar  jagged  (or  serrate)  projecting  ridges  on 
the  walls  directed  tangentially.  Similar  rows  of  cells  may  also 
be  interpolated  in  the  median  parts  of  very  deep  medullary  rays. 
I'roai  their  pits  and  want  of  living  cell-contents  these  rows  of 
cells  resemble,  in,  structure  and  i-elations,  the  tracheides  of  the 
wood,  and  on  these  grounds  might  be  considered  as  tracheides  ;  but 
we  will  confine  this  t-erm  to  the  elements  of  the  ligneous  portion 
of  the  fibro-vasal  bundle  alone.  Here  and  there  the  i-adial  longi- 
tudinal section  may  also  cut  through  a  string  of  secondary  wood- 
parenchyma,  and  have  laid  bare  its  resin-canal.  The  parenchy- 
matous cells  surrounding  the  resin-canal  are  convex  towaiils  it, 
and  just  as  bi-oad  as  long  ;  those  more  remote  are  clearly  longer. 
In  the  larger  medollary  rays  we  can  trace  the  course  of  a  hori- 
zontal resin-canal,  and  can  determine  that  ultimately  the  vertical 
and  horizontal  resin-canals  intercommunicate.  The  cajnblnm  in 
longitudinal  section  shows  as  narrow  elongated  cells,  with  their 
end- walls  more  or  less  obliquely  inclined,  from  which  the  elements 
of  the  wood  and  baat  proceed,  and  as  shorter,  broader  cells  which 
are  continued  on  both  sides  into  the  cells  of  the  medullary  rays. 

In  order  to  study  the  sieve  areas,'  we  again  take  the  alcohol- 
material,  and  lay  the  sections  we  have  prepared  in  a  watery 
solution  of  Aniline  blue,'      In  this  the  sections  need  remain  only 
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a  few  minutes,  and  then  be  transfeired  to  glycerine.  This  latter 
permits  the  colour  to  remain  only  in  the  sieve-areas,  removes  it 
from  all  other  parts  of  the  section.  The  sieve-areas  cannot  now 
be- <iverlooked  in  a  microscopical  examination.  Their  colour  is 
beautifully  blue  and  permanent,  so  that  the  preparations  can  be 
preserved.  We  can  distingnish  the  sieve-areas  even  in  the  im- 
mediate neighbourhood  of  the  cambium,  and  follow  them  into  the 
-parts  in  which  the  sieve-tubes  have  become  crushed,  and  the  sieve- 
areas  have  therefore  lost  tbeir  radial  position.  The  sieve-areas 
however,  already  lose  their  capability  of  coloration.  The  sieve- 
tubes  have  the  form  of  cambium  cells ;  they  bear  sieve-areas  only 
on  their  radial  walls,  just  as  the  bordered  pits  on  the  tracheides. 
The  sieve-areas  are,  moreover,  smaller  than  the  bordered  pits. 
They  present  the  appearance  of  round  or 
oval  spots,  which  are  collected  into  an  in- 
definite number  of  somewhat  angular,  finely- 
pnnctate  sections  (Fig.  49).  At  some  dis- 
tance from  the  cambium  the  sieve-areas  are 
covered  by  a  homogeneous  shining  substance, 
Btaining  sky-blue — the  callus-plate.  Further 
still  these  are  again  dissolved,  the  sieve- 
area  is  bare,  and  no  longer  colours  at  all. 
The  sieve-tnbes  are  hei-e  already  function- 
less.  It  is  not  difficult  to  recognise  that  the 
active  sieve-tubes  conta,in  protoplasmic  con- 
tents, the  nucleus,  however,  except  occasion- 
ally, is  wanting,  already  disappearing  in  the 
developing  sieve-tube. 

The  crystallogenous  cells  of  the  bast  are 
distinguished  in  longitudinal  section  by  their 
brown  contents  ;  they  are  comparatively  short,  end  commonly  with 
horizontal  walls,  and  have  apparently  arisen  from  horizontal  divi- 
sion of  the  cambium -eel  la.  They  contain  nnmerous  prismatic 
crystals  lying  over  and  by  one  another.  The  atarch-eells  likewise 
stand  out  clearly.  They  are  still  shorter  than  the  crystal logPnous 
cells,  lie  in  rows  one  upon  the  other,  and  are  also  interpolated 
singly  or  in  longer  rows  between  the  crystallogenous  cella.  Xiatcr 
these  starch -containing  cells  swell  very  considerably. 

The  cells  of  the  medullary  rays  can  be  readily  followed  from 
the  wood  into  the  bast ;  they  retain,  moreover,  their  essential 
structnre,  bnt  lose  their  characteristic  pits  ;    the  inner,  starch-con- 
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taining  rows  are  here  also  nsaally  accompanied,  botU  above  and 
below,  by  cells  free  of  starch.  These  last  cells  are  narrower  and 
longer  than  those  which  contain  stu^h,  qnickly  lose  their  living 
contents  and  collapse.  All  the  elements  of  the  medallary  rays 
within  the  bast  remain  thin-walled.  The  horizontal  resin-canals, 
also,  in  the  large  mcdnllary  rajs,  pass  out  of  the  wood  into  the 
bast. 

It  is  desirable  to  take  also  a  radial  longitudinal  section  front 
fresh  material.  If  this  is  examined  in  water,  we  can  determine 
that  even  in  the  cambium  and  the  neighbouring  youngest  ele- 
ments, as  well  as  in  the  parenchyma  around  the  most  recently 
developed  resin  passages,  but  specially,  however,  in  the  starch- 
containing  ceils  of  the  medullary  rays  of  the  woody  body  and  of 
the  hast,  an  active  streaming  of  the  protoplasm  exists.  In  the 
medullary  rays  of  the  wood  this  can  be  followed  back  through 
several  years.  The  tracheides,  and  the  tracheidal  cells  of  the 
mednllary  rays,  have  for  the  most  part  become  filled  with  air  in 
cutting  the  section.  A  careful  examination  of  the  mednllary 
rays  will,  however,  show  that  extremely  fine  intercellular  snaees, 
filled  with  air,  run  in  a  radial  direction  between  the  full  cells  of 
the  medullary  rays  and  the  neighbouring  tracheides  of  the  woody 
body,  and  that  they  also,  following  the  medullary  rays,  pass 
through  the  cambium  into  the  sione  of  bast.  These  intercellular 
passages  provide  for  the  necessary  access  of  air  to  the  living  nie- 
mednUary-ray  cells. — A  longitudinal  section  which  passes  through 
the  bast,  laid  in  ammonium -chloride,  molybdic  ammonia,  or  in 
potassium  bichromate,  shows  ns  that  the  crystallogenous  cells  con- 
tain tannin. — If  now  we  remove  by  radial  longitndinal  sections  up 
to  about  the  twentieth  year's  ring  from  the  cambium,  we  shall  see 
that  the  cells  of  the  medullary  rays  gradually  lose  their  living 
contents,  and  in  its  place  become  filled  with  resin.  The  tracheides 
also,  especially  those  of  autumn,  contain  in  many  parts  resin. 
The  living  elements  have  now  disappeared  from  the  woody  body; 
we  have  dead  heart  wood  (duramen),  in  contradistinction  to  the 
sapwood  (or  albumum),  traversed  by  living  medullary  rays. 

The  tangential  longitudinal  section,  which  we  likewise  prepare 
from  the  alcohol-material,  must  be  taken  from  at  least  two  places, 
viz.,  one  in  the  wood  and  one  in  the  bast,  and  in  both  cases  in  the 
immediate  neighbourhood  of  the  cambium.  The  section  through 
the  wood  shows  the  tracheides,  and  the  sections  of  the  mednllarif 
rays,  each  cross-section  of   these  tapering  at  its  ends,  and  the 
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whole  therefore  baTJng  a  spindle-like  outline,  since  the  cells  at 
both  edges  (or  ends)  gradually  become  narrower,  and  the  filial 
cells  are  unilaterally  pointed.  The  simpiest  medullary  rays  are 
ia  cro9B- section  3  cells  high ;  most  are  about  8  cells,  while  with 
some  the  height  can  increase  ap  to  as  many  as  20  cells.  The 
simplest  are  always  bnt  one  cell  broad;  the  highest  can  in- their 
central  part  be  several  layers  thick,  and  these  latter  have  then  n 
resin-canal,  which  is  shown  in  section.  The  section  may  hare 
also  cat  through  a  vertical  resin-canal,  which  will  present  the 
same  appearance  as  in  the  radial  longitudinal  section.  A  section 
of  the  bast  which  will  answer  our  reqairements  cannot  be  obtained 
without  trouble.  There  is  no  recourse  but  to  prepare  from  an 
older  poi-tion    of   bast,   beginning   exter-  ' 

nally,  a  considerable  nnmber  of  successive  ^ 

sections,  till  we  have  reached  the  yonng  ^ 

wood.  We  examine  these  sections  with 
a  low  power  objective,  and  look  for  such 
as  contain  still  active  sieve-tubes.  By 
this  means  we  can  obtain  information 
about  the  callus  plate,  which  at  once 
attracts  the  eye,  even  without  coloration 
and  with  slight  magnification,  as  a 
strongly  rcfraetive  pad  attached  to  the 
cell-wall.  The  sei:tions  of  the  sieve-areas 
can  be  best  studied  in  cblorzinc  iodine, 
to  which  we  have  added  an  equal  bulk 
of  dilute  watery  potassium -iodide  iodine 
solution.  The  figoro  of  the  sieve-area 
in  this  view  is  the  same  as  in  the  cross- 
section,  but  the  nnmber  of  the  out  sieve-  cbi.-nino  iodins.  a,  bofora 
areas  is  very  great,  and  therefore  it  is  piate;  s.afteritBtumisitim, 
more  easy  to  obtain  a  favourable  section,      c.iromaaieve-iubewbichhuf 

'  pH3Fed  ite  period  of  witiTitj' 

They  will  be  found  most  quickly  at  the     (x  ho). 
edges   of    the   section.      The   sieve-areas 

(Fig.  50,  A)  are  seen  in  profile,  within  the  radial  walls  of  tlie 
sieve-tube  which  we  have  cut  thi-ough  with  the  razor.  The  walls 
themselves  are  somewhat  swollen  in  the  chlorzinc  iodine  solution, 
and  have  acquired  a  violet  coloration.  The  sieve  area  is,  so  far 
as  it  appertains  to  a  still  aetivo  sieve- tube,  stained  reddish-brown. 
This  colour  proceeds  from  the  strings  of  plasBia  which  penetrate 
from  both  sides  into  the  thickness  of  the  siev  i-area.     It  appears 
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then  as  if  the  sieve-area  were  pierced  by  reddish -brown  rods 
(compare  the  fig  are).  The  cal  Ins-plates  (B)  hare  coloured 
reddish- brown,  provided  the  chlorzinc  iodine  Bolation  was  not  too 
concentrated,  and  has  not  actid  as  a  solvent.  The  sieve-ai-eaa  of 
sieve-tabea  which  have  lost  their  fnnction  (0)  appear  bright  violet; 
the  strings  of  plasma  and  the  call  as- plates  have  disappeared  from 
these.  If  we  stain  sach  a  tangential  longitndinal  section  with 
aniline  bine,  and  examine  it  in  glycerine,  the  brilliant  blue  callna- 
plates  at  once  attract  attention.  We  can  easily  follow  on  the  one 
side  the  growth,  and  on  the 
A  other    side    the    disappear- 

ance, of  them, 
i"^  The    resin -canals    which 

we    have    here    met    with, 
and  which  in   the  cortical 
parenchyma  of  Conifers  of- 
f  ten  attain  considerable  size, 

can  have   their  origin  well 
etndied  in  the  ivy  (Hedera 
rt  helix}.       Cross  -  sections    of 

yonng  stems  will  show  the 
reain-canals  in  the  central 
pith  as  well  as  ontside  the 
xylem    ring,    even   in   quite 
close  con  tig  nity  to  the  cam- 
bium-ring.     In    the    same 
section   tbey  will    be    met 
with  in  different  stages  of 
development,  from  a  group 
of    font-    cells,   having    be- 
Tia.  M'.-RjBin  pasBB(t«»  in  tbe  bast  of  a     tween  them  a  barely  recog- 
yc«ingBtemo(H.d.mMu.iii  traniverMBeciiun       nisable    intercellular    Space, 
(>iam     ^,estl7  stage;  J{,UtBr. lags;  g.tha      ,       ^,.  ,  ,      ^    ,, 

reain  pasaage  BuirouQded  by  it*  secreting  cfllla;  tO  ntteen  Or  twenty  CCllS 
a,theiBnibiumi»jerii.t.snfibaBt[l.baatttbrBBi  surrounding  a  laree  cavity, 
rp,  cortical  parttnchyma.    (After  Sacba),  „,,  . 

The  cells  are  at  once  re- 
cognisable by  their  granular  contents.  The  mode  of  origin  of  the 
resin-paasage  is  easily  observable.  It  arises  through  the  separa- 
tion of  the  secreting  cells,  while  these  cells  divide  radially,  and 
more  rarely  tangentially  (Fig.  50*  A),  and  thus  siiiTonnd  a  cavity 
continually  enlarging  up  to  a  certain  point.  The  resin  passage  is 
therefore  schizogenons  (compare  Fig.  50*). 
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CHAPTER  XI. 


Material  Wanted. 
Twigs  of  Lime  (THia  europmn),  about  J  inch  thick. 
Stems  of  a  Gourd  (Giieurbita  pppo),  about  ^  inch  thick,  cut  about 
i  jard  from  apex.    Fresh,  and  in  alcohol. 

As  our  neit  object  of  inveatiffation,  we  choose  the  Lime  (Tiiia 
paTvifoli'a),  or  any  form  of  the  aggregate  species,  known  iinder  the 
name  of  Tilia  europcea.  A  cross-section  through  a  twig  about 
^  of  an  inch  in  thickness  shows  ns  a  pith  consisting  of  lai^e 
celts,  the  air- containing  cells  of  which  are  grouped,  rosette-like, 
around  individual  narrower  cells,  filled  with  finely  granular 
brown  contents.  'In  the  outer  part  of  the  pith  lie  gum -reservoirs, 
forming  hollows  in  the  parenchymatoas  tissue,  but  which,  how- 
ever, are  already  empty.  At  its  outermost  limits  the  pith 
consists  of  smaller  cells,  the  cells  filled  with  finely  granular 
contents.  Into  this  small-celled  tissue  project  the  primary  wood 
portions  of  the  vascular  bundles.  The  "  unwinding "  spiral 
vessels,  from  which  the  spiral  thickening  thread  can  be  unrolled, 
are  at  once  noticeable  in  the  cross -sect  ton,  from  the  thickening 
bands  standing  out  hero  and  there.  We  can  count  about  5 
annual  rings  in  the  cross-section  of  a  twig  of  -^  inch  thickness, 
and  we  shall  perhaps  notice  that  the  successive  annual  rings  can 
be  of  very  varying  thickness.  If  now  we  calamine  more  closely 
the  individual  annual  rings,  we  shall  observe,  first  of  all,  the  great 
vessels  (Fig.  50a),  which  are  especially  produced  in  the  spring, 
and  mark  at  once  the  limits  of  the  year.  Further  in  the  year's 
growth  the  broad  ducts  either  arise  singly  or  in  iaolated  gionps; 
in  the  last  phase  of  the  year's  vegetation  the  cambium  produces 
only  elements  with  narrow  cavity.  If  we  run  in  to  our  prepara- 
tion a  little  iodine  solution,  besides  the  medullary  rays  a  number 
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of  otTier  cells  will  be  noticeable  for  their  plasmic  contents,  and 
commonly  also  for  their  starch.  They' are  scattered  amongst  the 
other  elements  of  the  wood,  but  commonly  are  connected  together 
laterally,  and  with  the  mednllary  rays  also,  into  tangential  banda. 
These  cells  are  the  wood- parenchyma  (p).  The  tracheides  (f), 
somewhat  resembling  the  vesaela,  and  connected  with  them  by 
transitions,  are  recogajsable  by  the  absence  of  plflsmic  contents, 
and  by  the  bordered  pita  with  which  they  impinge  on  similar 
elements  or  on  the  vessels.    Lastly,  we  recognise  the  wood-fibres  (I), 


;   r,  mflduUai7 

TftJ.     IK  MO.) 

likewise  poor  in  contents,  .usually  containing  air,  and  provided 
with  very  fine  pits.  These  wood-fibres  form  the  greater  part  of 
the  wood.  The  narrow-cavitied  aatnmnal  wood  consists  only  of 
wood- parenchyma,  trache'ides  (t),  and  wood-fibres ;  and  it  is 
bonnded  by  the  spring  wood,  oonaisting  especially  of  vessels  and 
tracheides  (cf.  Figure).  Very  delicate  cross-sec tiona  show  that 
practically  no  pits  traverse  the  walls  of  the  vessels  and  tracheides 
on  the  sides  towards  wood-fibres,  and  that  on  the  aides  towards 
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the  wood- parenchyma  cells,  on  tbe  other  hand,  they  are  only 
nnilaterally  bordered.  The  border  is  only  developed  on  the  side 
of  the  vessel  or  tracheide,  and  the  closing  membrane  (which  shows 
no  torns)  bnlges  ont  into  it  (vide  Figure,  below  in).  The  fine 
pits  which  commnnicate  between  the  wood-fibres  are  slightly 
bordered  at  their  base,  as  also  are  the  isolated  pits  which  here  and 
there  traverse  the  wall  of  a  wood-fibre  in  the  direction  of  a 
tracheide  or  of  a  vessel.  Between  tracheide  and  wood-paren- 
chyma these  pits  appear  only  nnilaterally  bordered,  bnt  owing  to 
their  slight  width  this  can  scarcely  be  determined  with  certainty. 
The  cells  of  the  mednllary  rajB  have  the  same  pit  arrangements 
as  the  wood -parenchyma,  bnt  owing  to  their  radial  elongation  the 


tubM,  Bt  t-t-  eiposini;  eieve-plsle;  it,  compsnion-ceU i  f,  but-parencbjina;  k,  crj-sial- 
logenouHKell;  1,  bftst-flbrs;  r.mediillary  ray.    {x  MO.) 

medullary  ray-cells  are  sharply  contrasted  with  the  surrounding 
elements.  In  the  outer  limits  of  the  woody  body  the'  cambium 
ring  is  readily  recognisable  by  its  flat,  thin-walled,  radially- 
arranged  elements.  O.i  the  other  side  of  the  cambinm  the  keel- 
sliaped  tapering  portions  of  the  bast  are  at  once  noticeable 
[Fig.  &0**].  In  these  an  alternation  of  tangentlally- arranged 
white  and  dark  layers  is  shown.  The  glistening  white  layers  are 
composed  of  numerous  closely-combined  bast-fibi-cs,  the  walls  of 
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which,  are  thickened  almost  to  the  disappearance  of  the  cavity. 
The  cavitjr  of  each  individual  cell  shows  only  as  a  black  point. 
The  layers  (^ig'  50b)  are  of  aneqnal  thickness,  and  are  usQally 
hollowed,  fnrrow-like,  on  their  onter  side.  The  darker  layers 
between  the  white  consist,  passing  from  the  outside  inwards,  of  a 
layer  of  somewhat  broader  crystallogenons  cells  (k),  then  of  aboat 
two  layers  of  starch -containing  bast-parenchyma  cells  (p),  and 
after  these  of  many  sieve-tabes  with  broad  cavities  (v).  From  the 
corners  of  these  sieve-tabes  the  narrow  companion-cells  (c)  are  cat 
off  in  a  very  conspicnoos  fashion.  A  layer  of  very  narrow  baet- 
parenchyma  cells  (p)  serves  to  separate  the  sieve-tubes  and 
companion-cells  from  the  next  succeeding  layer  of  bast-fibres  (I). 
It  is  necessary  that  these  observations  should  be  made  at  a  short 
distance  from  the  cambiam,  because  further,  from  about  the 
eighth  layer  of  bast-fibres  onwards,  the  aieve-tnbea  have  passed 
their  active  period  and  contain  air.  The  cross-section  usually 
cuts  through  some  of  the  strongly  inclined  sieve-plates,  these 
bein^  readily  recognisable  from  their  aieve-pores,  and  contents 
aggregated  on  both  sides  (ti*).  Probably  twice  ns  many  layers  of 
secondary  bast  fibres  can  be  connted  as  there  are  annual  rings  in 
the  wood.  Apart  from  the  first  two  years,  two  layers  of  bast, 
fibres  are  developed  pretty  regularly  in  each  year.  The  outer- 
most edge  of  the  bast  is  occupied  by  the  strings  of  primary 
sclerenchyma,  which  in  no  way  differ  from  the  Becondary  bast 
strings.  The  primary  mednllnry  rays  in  the  ligneous  body  are 
usually  two  (here  and  there,  however,  more)  cells  thick ;  the 
secondary  medullary  rays  only  one  cell  thick.  They  can  be 
followed  throagh  the  cambium  into  the  primary  cortex,  or  into 
the  bast  respectively.  The  outer  ends  of  the  primary  medullary 
rays  are  considerably  broadened  into  a  fnnnel  shape,  and  separate 
the  portions  of  hast.  They  segment  the  bast  into  the  form  of 
inverted  radiating  keels.  The  numerous  tangential  divisions  in 
these  ends  of  the  medullary  rays  have  caused  an  arrangement  of 
the  cells  into  tangential  rows.  The  outer  end  of  the  medullary 
rays,  and  the  primary  portions  of  the  bast,  plnnge  into  the 
actively- living  green  primary  cortex.  In  the  outer  parts  of  the 
medallary  rays,  and  in  the  primary  cortex,  are  numerous  crystal- 
logenons  cells.  Further  outwards,  the  cells  containing  chlorophyll 
can  be  easily  recognised  by  their  white  walls,  especially  strongly 
thickened  in  the  comers,  as  collenchyma-cells.  The  surface  of 
the  stem  is  covered  by  a  regularly  developed  periderm,  whose  flat 
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cells  are  of  a  etronger  and  etroager  brown  colonr,  accordiag 
to  their  age,  i.e.,  passing  from  inside  [the  jonngest]  ontwards. 
A  general  idea  of  the  arrangement  of  the  parts  can  be  obtained 
from  the  accompaDying  diagrammatic  view  of  the  cross-section  of 
a  foar-year  old  stem  of  the  lime,  the  description  of  which  is  given 
at  the  foot  of  the  figure  (Tig.  50"). 

In  radial  longitadinal  sections,  we  can  make  oat  that  the  dact^ 

of  the  secondary  wood  have  bordered   pita,  and  that  moreovei 

between  the  pita  they  have  spiral  bands,  as  an  innermost  thicken- 

'ng  layer.     The  ends  of  the  ducts  joining  on  to  one  another,  show 

an  oblique  wall,  perforated  with  a  single  large  opening.     Besides 

the  vessels,  and   always  connected  with   them  by  intermediate 

forms,  can   be  seen    trache'ides,  especially  in  the  autamn  wood, 

thickened  in  the  same  way 

ae  the  dncts,  but  tapering 

at    both    ends,  and   closed. 

Between  the  dacts  and  the 

trache'ides     lie      elongated 

"  wood    fibres "    (libritorm 

fibres),    tapering    at     both 

ends,  having  small  scattered 

pits,    slightly   enlarged    at 

their  base  (bordered),  and 

narrow      wood-parenchyma 

cells,  filled  with  oil-dropa  or 

with  starch,  simply  pitted 

■n.     .„..    ^-  .  .  .II  (not  bordered),  ending  with 

Pie  60".— Diftgrau]  of  pirt  of  » crosJ-BfCtion  of    ^  -"  S 

A  tniR  of  tbe  Lime,  «;«irB  oi<)  (eiigiiii^mngnified) :   horizontal      and      likewise 

"ioa'^iT4"f  cSuffl^pV  'wrpa' prXr '    P'^^'^    ■"^^'^-        ^'^^    ■"'^- 

niedoiittrjrays;  t,  iiftM-fibresi  jir.priiiisrjcoriei;  fibres  are  longer  than  the 
.ctjr  .    I     er   ram).  tracheides,  like  these  with- 

out living  contents,  and  containing  only  water;  functionally, 
at  all  events,  nearly  akin  t-o  them.  The  pits  of  the  wood-fibres 
open  into  the  cell-cavity  by  a  narrow  cleft,  which  in  cell-walla 
in  contact  with  one  another  are  inclined  in  opposite  directions ; 
therefore,  with  intermediate  focussing,  they  show  a  small  cross 
in  the  pit.  In  these  wood-fibres,  as  almo.st  universally  in  the 
mechanical  elements  (etereides),  the  cleft-like  pits  mount  to- 
wards the  left.  I.e.,  they  follow  a  left-handed  spiral  line.'  In  the 
wall  of  the  ducts  the  pita  are  large  and  numerously  developed 
only  where  one  vessel  impinges  on  another,  or  on  a  tracheide. 
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Those  parts  of  their  walls  impinging  on  the  wood  6bres  are 
jnst  as  sparsely  pitted,  and  the  pita  as  small,  as  these.  Where 
the  wood- parenchyma  cells  impinge  on  a  duct,  a  corresponding 
influence  on  the  pits  can  be  likewise  noted ;  the  pits  of  the  dnct 
are  bordered  only  unilaterally,  on  the  side  of  the  duct.  The 
dbres  of  the  autumn  wood  are  particularly  narrow.  The  me- 
dallary  rays  pass  through  the  wood,  as  horizontal  bands  of 
considerable  height ;  they  consist  of  rectangnlar,  radially  elon- 
gated cells,  which  contain  starch,  and  have  very  nnmeroua  pits, 
especially  on  the  tangential ly- placed  walls.  In  the  bast  we  can 
see  the  very  long,  strongly- thickened,  white  bast-fibres,  pointed 
at  both  ends;  between  the  strings  of  bast-fibres  short  parenchy- 
matous cells,  with  horizontal  end-walls,  and  containing  starch, 
and  here  and  there  also  prismatic  crystals ;  and  the  aiere-tiibes, 
whose  sieTe-plat«s,  if  placed  obliqnely,  are  divided  by  horizontal 
bars  into  several  sections.  Besides  these,  the  colteuchyma  and 
cork  offer  points  of  interest.  As,  however,  the  coUenchyma  and 
cork-cells  are  just  as  high  as  broad,  the  flgnre  in  the  longitudinal 
section  completely  resembles  that  in  the  cross- section. 

The  tangential  longitudinal  section  confirms  the  conclusion  as 
to  the  considerable  height  of  individual  medullary  rays  derived 
from  the  radial  longitudinal  sections.  The  mednllary  rays  are 
either  one  cell  thick  in  their  entire  height,  or  double  in  the 
middle.  Vor  the  rest,  we  find  the  elements  again  as  in  the  radial 
section. 

The  tangential  tapering  of  the  tracheides  and  wood-fibres  can 
now  be  well  seen,  and  it  is  easy  also  to  make  onfc  that  the  wood- 
parenchyma  cells  are  connected  together  into  threads  which 
simulate  in  form  the  wood-flbi'es.  Each  of  these  threads  has  been 
derived  from  the  segmentation  of  a  single  cambial  cell,  and  the 
tangential  tapering  of  the  various  elements  in  general  has  arisen 
from  tlie  like  form  of  the  cambial  cells. 

Cblorzinc  iodine  stains  the  ligneous  part  yellowish- brown,  the 
cambium  violet.  In  the  bast  is  shown  a  beautiful  alternation 
between  the  violet  thin-walled  zones  and  the  bright  yellow,  thiek- 
walled  bast  fibres.  The  elongated  medullary  rays  of  the  primary 
cortex  are  violet,  the  cork  is  reddish -brown. 

Corallin  stains  the  wood  cherry-red,  the  bast-fibres  quite  a 
strikingly  beautiful  bright  rose-red.  The  sieve-plates  stand  out 
clearly  even  in  the  cross-section  by  their  fox-red  coloration. 

For  careful  study  older  stems  should  be  chosen,  and  alcohol 
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material  is  to  be  preferred  to  fresh  eteins,  as  in  the  latter  tUo  air 
abnndantly  contaiued  in  numerous  elements  disturbs  ob- 
servatitfn. 

On  aceonnfc  of  the  difficolty  in  studyinjf  tlie  strnoture  of 
the  secondary  ■wood,  we  will  here  bring  the  "  maceration  " 
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method  again  to  onr  aid,  and  esamine  the  elements  isolated 
from  one  another.  We  proceed  exactly  as  with  Aristoloehia 
(p.  112  et  eeq.),  and  separate  the  macerated  sections  with 
the  needles.  The  preparation  will  then  show  the  especial 
preponderance  of  the  wood-fibres  (Fig.  51,  A,  B).  The 
swelling  of  the  walls  causes  the  pits  to  appear  still 
smaller  ;  they  appear  as  oblique  clefts.  The  short  pa- 
renchymatous  cells,   recognisable   by  their   contents,  lie 
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scattered  between  the  wood  fibrefl,  and  are  either  separated  or, 
usually,  still  nnited  into  threads  which  rcBemble  in  outline  the 
wood-fibres  (G).  We  find,  further,  but  in  smaller  number,  the 
Hpi rally. thickened  tracheides,  in  outer  contour  either  more  re- 
sembling the  wood-fibres  {E),  or  more  approaching  the  duels  (D)  j 
finally  the  daots  themselves,  either  separated  into  segments  {F)  or 
else  forming  long-tubes.  In  the  preparation  the  very  long  and 
narrow  cavitied  bast-fibres  {(?)  will  also  strike  us.  Careful  ex- 
amination of  the  tracheidea  and  vessels  enables  ns  t-o  determine 
that  the  cleft-like  apertures  of  the  pita  show  an  opposite  direction 
to  the  spiral  band,  and  in  the  broader  ducts  the  slope  is  much 
steeper  than  tfaat  of  the  spiral  band,  while  in  the  narrower 
tracheides  there  is  about  eqnal  steepness.  The  tracheides,  as  we 
have  already  seen,  can  be  very  like  to  the  ducts ;  in  fact,  a  sharp 
delimitation  between  the  broadest  tracheides  and  the  narrowest 
ducts  can  here  scarcely  be  made.  In  our  descriptions  here  and 
in  other  places  we  have  been  gnided  by  the  outer  form,  and  have 
attributed  the  tubular  forms  to  vessels,  and  the  fibre  forms  to 
tracheides. 

In  almost  all  the  Gncnrbitaces9,  from  amongst  which  we  select  . 
Oucurbita  Pepo  (the  pnmpkin)  for  investigation,  the  vascular 
bundles  have  two  bast  portions,  one  on  the  outer,  the  other  on  the 
inner  side  of  the  wood.  These  vascular  bundles  are  therefore 
constracted  bicoUaterally.  The  outer  bast  is  separated  from  the 
wood  by  the  cambium,  the  inner  bast  impinges  immediately  on  the 
inner  bounds  of  the  wood.  In  order  to  see  the  vascular  bundle 
f  ally  formed,  stems  of  at  least  \  inch  thick  should  be  examined, 
and  in  parts  which  are  distant  about  half  a  yard  from  the  growing 
point.  In  stems  of  -J-  to  ;^  inch  in  thickness,  or  nearer  the  growing 
point,  the  larger  ducts  are  not  yet  complete.  We  take  for  first 
examination  alcohol -material,  for  this  offers  varions  advanta^s. 
The  vascular  bundle  has  no  sheath,  and  is  not  sharply  delimited 
from  the  surrounding  tisane.  Better-defined  figures  can  be,  how- 
ever, obtained  if  the  section  is  submitted  for  a  short  time  to  the 
action  of  aniline  bloe,  and  afterwards  examined  in  glycerine. 
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The  parta  appertaining  to  the  fibro-vasal  bundles  appear  more 
darkly  stained  than  the  ground  tissue.  If  we  suppose  the  inner 
bast  remoTed,  the  fignre  approaches  so  nearly  to  the  dicotyledo- 
nous fibro-vasal  bandies  already  known  to  ns  as  those  of 
Ranuncvlug  and  Chelidfmium,  that  we  should  have  no  difiicnlty  in 
placing  it  amongst  them.  We  examine  first  a  cross-section  of  a 
fully-developed  fibro-vasal  bundle,  with  perfect  dncts,  always 
looking  for  the  most  uormal  cases  where  two  large  Aucia  arc 
present.  These  dncts  are  amongst  the  broadest  that  are  known 
anywhere.  Between  them  lie  the  cells  of  the  primary  parenchyma, 
with  tolerably  broad  cavities,  usually  elongated  somewhat  radially, 
and  with  their  walls  thickened  as  strongly  as  the  vessels,  and 
always  clearly  reticnlately.  Succeeding  these  internally  are  ves- 
sels whose  diameter  falls  considerably  short  of  that  of  the  twO 
great  ducts,  and  in  passing  inwai-ds  is  still  further  reduced. 
Between  ■  these  vessels  lies  the  thin-walled  primary  wood-paren- 
chyma, which  is  continned  beyond  the  limits  of  the  innermost 
vessels.  Upon  this  thin-walled  tissue  finally  impinges  the  inner 
bast,  consisting  of  broad-cavitied  sieve-tubes,  of  narrower  com- 
panion-cells, and  of  somewhat  broader  bast -parenchyma  cells. 

We  have  here  an  easy  opportunity  of  obserring  the  sieve-plates, 
which  here  are  disposed  horizontally,  in  surface  view  (Fig.  52,  A). 
The  companion,  eel  Is  (s)  stand  ont  particularly  sharply  with  their 
dark  blue-stained  contents.  At  the  outer  side  of  the  wood  can  be 
seen  the  thin-walled  radially -arranged  cells  of  the  cambinm  layer, 
following  immediately  after  the  two  largest  ducts,  and  the  thick- 
walled  cells  of  the  wood-parenchyma  lying  between  thqm.  Then 
follows  the  outer  bast,  constructed  just  as  in  the  inner.  In  both 
portions  of  the  bast  the  sieve-plates,  where  such  are  cut,  ate 
readily  recognisable  from  their  areolation.  Each  areole  appears, 
according  to  the  stage  in  its  development,  to  be  pierced  by  a  lai^e 
or  small  pore.  In  older  sieve-tubes  the  pores  are  narrower,  and 
lined  with  a  highly  refractive  substance  (aa  in  Fig.  52,  A).  The 
sieve-plate  also  often  appears  to  be  covered  with  a  mass  of  sub- 
stance stained  violet-blue.  In  the  narrower  sieve-tubes,  at  the 
outer  and  inner  margin  of  the  fibro-vasal  bundle,  the  section  has 
also  probably  laid  bare  a  callus-plate,  which  stands  out  brightly 
IS  a  homogeneous  mass,  coloured  a  beautiful  sky-blue.  If  we  focus 
more  deeply  into  such  a  callus-plate,  we  can  recognise  in  it  the 
network  of  the  sieve-plate.  The  tibro-vasal  bundles,  as  examina- 
tion of  the  cross-section  with  a  low  power  shows,  are  an-anged  in 
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two  concentric  rings,  about  five  in  each  ring.  The  fibro-Tasiil 
bandies  in  the  onter  ring  are  inside  the  angles  of  the  stem,  those 
of  the  inner  ring  alternate  with  the  onter  ones.  The  protection  of 
the  inner  parts  of  the  stem  is  served  by  a  ring  of  sclerenchyma- 
Bbres,  the  elements  of  which  have  stained  far  more  deeply  thaa 
the  lai^e-celled  ground  tiasne.  Externally  to  this  ring  is  a  corti- 
cal parenchyma,  containing  chlorophyll,  and  then  a  typically 
developed,  stellately  interrupted  shining  white  coUenchyma.  At 
the  interraptions  in  the  coUenchyma,  the  cortical  parenchyma 
extends  to  the  epidermis,  which  has  its  stomata  at  these  places. 
In  the  interior  the  stem  ia  hollow.    Cross-sections  throcgh  thinner 
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stems,  from  J  to  ■{■  inch  thick,  show  tho  largest  dncts,  and  the 
elements  lying  between  them,  still  in  course  of  formation.  It  not 
infrequently  occurs  that  of  the  two  great  ducts  only  one  ia  com- 
pletely formed,  while  the  other,  on  tho  contrary,  is  obliterated  ;  the 
former  then  attains  an  enormous  diameter.  In  many  cases  both 
ducts  can  be  obliterated.  Finally  isolated  cases  are  met  with 
where  both  dncts  are  present,  and  both  are  as  great  as  if  only  ono 
had  been  produced. 

Radial  longitudinal   sections,  which  have  cnt  thiough  a  flbro- 
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vasal  bnndle  correctly,  ahow  tie  that  the  nan'owest  vessels  are 
aonalai*  and  spiral  vessels ;  the  broader  are  pitted,  with  annnlar 
horizontally- situated  diaphragms.  The  two  greatest  ducts  have 
irregular,  reticulately  thickened  walls,  and  in  the  meshes  of  tho 
net  nomeroas  pita.  Longitudinal  sectioAS  will  be  not  infrequently 
obtained,  which  show  the  largest  dncfcs  provided  with  a  complete 
cross-wall.  Then  there  are  still  present  in  the  cells  a  nucleus  and 
a  thin  peripheral  layer  of  protoplasm.  Many  croaa-walla  will 
show,  however,  to  be  already  strongly  swollen  in  their  middle  part, 
and  therefore  in  optical  section  show  as  biconvex  lenses.  Longitu- 
dinal sectiona  of  the  next  older  parts  of  the  stem  show  us  these 
septa,  or  partition  walls,  Rually  reduced  in  places  to  a  narrow 
ring',  attached  to  the  side  wall  of  the  duct.  The  protoplasmic 
contents  of  the  cella,  aa  well  aa  the  nnclens,  have  then  disappeared. 
The  thin-walled  tissue  between  the  narrower  vesaela  consists  of 
elongated  parenchymatous  cells,  ending  on  one  another  with  hori- 
zontal walls,  and  therefore  being  a  thin-walled  primary  wood- 
parenchyma.  The  more  strongly- thickened  cells  between  the 
great  ducts  are  plentifully  bat  shallowly  pitted,  and  have  also 
pitted  cross-walls,  and  belong,  therefore,  to  the  thick-walled  pri- 
mary wood-parenchyma.  As  a  special  peculiarity  of  these  cells,  ' 
wa  notice  the  undulating'  course  of  their  walla  placed  perpendicu- 
larly to  the  ducts.  This  undnlation  is  occasioned  by  the  walls, 
in  joining  on,  avoiding  the  pits  of  the  duct.  In  these  wood  pa- 
renchyma cells  ia  found  protoplasmic  sac  and  nucleus.  Where 
pitted  ducts  impinge  upon  one  another  the  pits  are  bilaterally 
bordered;  where  they  are  bounded  by  wood -parenchyma  the 
pits  are  only  unilaterally  bordered,  and  that  on  the  side  of  the 
fibro- vasal  bundle. 

On  both"  sides  of  the  fibro-vasal  bundle  we  can,  by  means  of- 
longitudinal  sections,  conveniently  study  these  so  unusually  large 
aieve-tubes^  (Pig.  52,  S).  For  this  purpose  we  lay  the  longitndi- 
nal  section  for  a  short  time  in  aniline  bine,  and  afterwards  examine 
it  in  glycerine.  After  lying  a  pretty  long  time  in  this  latter,  the 
cell-walls  are  more  or  less  completely  decolorized,  while  the 
contents  of  the  sieve-tubes  retain  the  colour.  Almost  all  the 
sieve-plates  are  placed  hoi'izontally ;  only  a  few  have  an  inclined 
position.  Most  of  them  appear  covered  with  a  highly  refractive 
callous  substance,  and  show,  corresponding  to  this,  a  not  incon- 
aiderable  thickness  (Fig.  52,  0).  From  this  peculiarity  they  ai-e 
noticeable  with    but    low    magniGcation.      In    our    aniline-bino 
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preparations  ttese  eieve-plates  are  coloured  clear  blue.  In  the 
interior  of  the  Bieye-tiibes  in  question,  which  show  these  sieve- 
plates,  is  visible  a  contracted,  sac-like,  axial  string  («).  This  is 
a,  string  of  protoplasmic  slime  or  mucus,  which  broadens  at  its 
ends,  and  Almost  completely  covers  the  sieve-plate.  It  is  stained 
indlgo-blne.  The  ends  adjoining  the  sieve-plates  are  usually 
more  densely  fnll  of  content.^,  and  form  a  terminal  "mncona 
plug."  This  accumulation  of  contents  can  be  observed  either  on 
both  or  only  at  the  upper  end  of  the  sieve-tnbe.  Besides  the 
axial  sac,  the  sieve-tube  shows,  by  very  carefnl  examination,  a  thin 
peripheral  layer  of  protoplasm ;  the  peripheral  layer  may  be  ex- 
tremely thin,  and  adhei-ing'  everywhere  closely  to  the  wall  of  the 
sieve-tube.  A  nucleus  is  not  present.  In  somewhat  younger 
sieve-tubes  the  slime-string  can  be  often  seen  fo  push  ont  through 
the  pores  of  the  sieve-plate  from  one  [constituent  cell  of  the] 
sieve-tnbe  towards  the  other  in  the  form  of  bladder-like  or  worm- 
like  prolongations.  In  older  sieve-plates  such  prolongations  can 
no  longer  be  seen  ;  the  callous  substance  has  augmented  and  con- 
tracted the  sieve-pores.  Through  these  contracted  pores  the 
slimy  contents  of  one  constituent  cell  of  a  sieve-tube  are  continu- 
ous with  those  of  another  (aa  in  JB).  The  sieve-plates  with  their 
callous  coverings  (Fig-  52,  0),  are  noticeable,  as  previously  in 
the  cross- section,  on  both  inner  and  onter  side  of  the  fibro-vasal 
bundle.  These  plates  of  callus  are  clearly  indicated  by  their 
higher  refraction,  and  are  stained  sky-blue.  In  the  middle  of 
the  callus-plate  the  sieve-plate  is  more  or  less  clearly  recognis- 
able. The  callus-plate  consists,  therefore,  of  two  halves,  belonging 
to  adjoining  cells  of  the  sieve-tube,  and  are  united  t«^ther 
through  the  pores  of  the  sieve-plate,  A  delicate  perpendicular 
striation  is  often  to  be  recognised  in  the  callu. -plate  (compai'e 
Fig.  0),  and  these  striie  always  pierce  the  poros  of  the  sieve- 
plate.  Where  two  sieve-tubes  are  in  contact  laterally,  small 
sieve-areas  are  formed  on  the  common  side-walls.  These  also 
lator  on  possess  a  unilateral  (c*)  or  bilateral  callus-plate,  and  are 
thus  very  evident.  By  the  side  of  the  sieve- tubes,  and  clearly  cor- 
responding in  length  with  the  constituent  cells  of  these,  run  the 
conipanion- cells  (s).  They  have  abundant  protoplasmic  contents, 
and  a  nucleus.  Between  sieve-tubes  and  companion- cells  can  be 
seen  numerons  horizontally  elongated  and  corresponding  pits.  The 
sieve-tnbes  in  course  of  development  show  in  their  peripheral  pro- 
toplasmic layer  drops  of  mucus  stained  indigo-blue.     These  drops 
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of  mncn!)  dissolve  in  order  to  form  the  mucnfi  atrinjf.  It  is  very 
instractive  to  treat  a  longitndiDAl  section  of  the  alcohol -materia) 
with  concentrated  snlpharic  acid.  The  Trails  of  the  sieve-tubes 
and  the  sieve-plateB  are  diBsolved.  The  mnoas  masses,  however, 
remained  nnaffected,  and  we  can  thns  obtain  prepai'ations  of  sieve- 
tnbes,  of  which  the  contents  are  dissolved,  and  which  show  as  in 
D  in  Fig.  52.  Such  preparations  demonstrate  in  the  clearest 
manner  the  anion  which  exists  between  the  contents  of  sieve-tubes 
which  are  in  contact  with  one  another.  These  preparations  can  ho 
washed  by  running  wat«r  under  one  edge  of  the  cover-glass,  and 
withdrawing  it  from  the  opposite  edge  by  means  of  blotting-paper, 
and  c^n  then  be  stained  with  a  drop  of  aniline-blue. 

In  order  to  obtain  a  thoronghly  correct  idea  as  to  the  normal 
distribution  of  the  'contents  of  the  sieve-tabes,  it  is  necessary  to 
have  recoarse  to  still  another  method  of  preparation.  It  is  worth 
while  to  fix  the  contents  of  the  sieve-tubes  with  boiling  water, 
without,  however,  having  previously  injared  the  plant,  because 
dislocation  of  the  contents  of  the  sieve-tnbe  would  be  induced 
thereby.  Uninjured  shoots,  while  still  in  union  with  the  mother 
plant,  are  killed  by  being  immersed  for  abont  five  minutes  in 
boiling  water.^  Material  thus  fixed  can  be  either  investigated 
direct,  or  can  be  preserved  at  will,  and  without  further  change,  in 
alcohol. 

For  comparison,  it  is  necessary  to  prepare  some  longitudinal 
sections  of  fresh  material.  In  these  also  the  sieve- plates  show  just 
as  clearly  as  in  the  alcohol -mate  rial.  The  accumulations  of  slime 
at  the  sieve-plates  can  be  well  seen  ;  but  the  slime  nowhere  shows 
as  a  special  string  withdrawn  from  the  side-walls  of  the  sieve- 
tube.  This  appearance  therefore  arises  from  the  action  of  the 
alcohol. 

NOTES  TO  CHAPTER  XI. 

'  Compare  Sohwendener,  Dat  mech.  Pdncip.  p.  8. 

'  Compare  herewith  espeoiallj  Da  Bary,  Comparatice  Avalomy  of  Phanen- 
gavii  and  Femt  (Eng.  tranB.),  p.  172 ;  K,  Wilhelm,  Beitrllge  tar  Knmtniu 
dti  SitbrShren-Apparatet  dhotijler  Pfiamen;  E.  v.  Janczewski,  Eliidti  ciml- 
paries  i<ir  la  tiibii  eiibreux.  Mint,  dc  ia  Sue.  nat.  dei  ic.  nat,  dt  Clurbovrg, 
T.  XXIII.  (reprinted  in  Anmila  det  ee.  nat.  Cot.,  1883);  Rosbow,  Sizbr.  dtr 
Dorp,  naturf.  Oetellteh.,  Jahrg ,  1881  and  1892  (the  last  two  also  in  Amtaltt  iet 
le.  nat.  Bot.,  1882). 

*  Compare  Alfred  Fishar,  Ber.  d.  Oeut.  bot.,  Gttetl,  1885.  p.  230. 
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Matbeial  Wakted. 


Root  of  the  Onion  (AlUant  Cepa).    Fresh  (or  in  alcohol). 

Root  of  the  sweet  Flag  (dcoi-uf  calamus).     Fresh  {or  in  alcohol). 

Root  of  h-is  fiorentlna.    Fresh  {or  in  alcohol). 

Adventitious  root  from  the  runner  of  Ranunculus  repene.     Fresh  (or 

in  alcohol). 
Roots  of  the  Tew  {Taxue  baccalaj,  from  jV  insh  thick  up  to  -^  inch 

thick.    Fresh. 

With  the  structure  of  th6  ftxial  fibro-vatal  cylinder  of  roots  '  we 
will  first  make  ourselves  acquainted  upon  the  root  of  Allium  Cepa 
(the  garden  onion).  Abnndant  material  for  investigation  can  be 
at  any  time  aecnred  by  allowing  the  onion  to  grow  in  water  in 
a  hyacinth  glaaa.  Figure  53  shows  na  a  cross-section  fiom  the 
base  of  a  strong  adventitious  root  thus  obtained.  The  ej-idermis 
and  the  very  thick  cortical  tissue  are  left  out  of  the  drawing,  but 
of  the  latter  we  see  the  cells  which  bound  the  axial  cylinder  as 
a  "  tanndle-slieatll,''  or  endodermis  (c).  The  endodermia,  or  bondle- 
shcath,  shows  a  cbaracteristic  dark  shading  upon  the  radial  walls 
of  its  component  cells.  This  shading  is  produced  by  the  wavy 
flexure  of  the  median  portion  of  the  walls.  Such  an  endodermis 
is  always  nnilamellar."  The  centre  of  the  fibro-vasal  cylinder 
is  occupied  in  this  instance  by  two  broad  Bcalarifonn  yessflla 
(gc)  ;  in  other  cases,  however,  either  only  one,  or  more  than  two, 
can  be  found.  If  the  root  is  not  old  enough,  the  central  and 
perhaps  also  the  adjoining  vessels  are  thin-walled  and  not  fally 
developed.  Adjoining  the  one  or  more  central  vessels  are  almost 
always  six  smaller  scalariform -vessels  (ee  *)  ;  to  each  of  the  last 
succeed  a  group  of  quite  narrow  spiral  and  annular  Teasels 
(<p,  sp  +  a).  The  size  of  the  vessels,  therefore,  diminishes  from 
within  outwards,  and  it  is  tbe  spiral  and  annular  vessels  which  lie 
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ontermost.  In  this  the  root  has  relations  opposed  to  those  in  the 
etem ;  a,  twisting  of  the  lignooas  (wood)  bundle  through  half  a 
circle  has  taken  place.  The  ligaeona  portionR  are  in  this  case 
nnited  into  a  siz-rajed  star,  and  the  axial  cylinder  is  therefore 
described  as  "  hexarch."  With  the  ligneous  portion  the  bast 
portions  (v)  alternate.  This  last  relation  is  universal  for  the  axial 
fibro-vasal  cylinders  of  roots.  Wood  and  bast  are  separated  from 
one  another  by  a  layer  of  parenchymat-ous  gi^^uad-tissue  cells. 
The  baat  portions  can  bo  recognised  by  tho  white  shining  walls  of 


Fib.  ES. — CnBi-iiectiaii  ol  (lie  bus  i 
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their  cells ;  thej'  consist  of  some  sieve^tiihes  and  conipanion-cells, 
which  latter  are,  in  the  cross- section,  not  to  be  distinguished  with 
certainty  from  the  sieve-tubes.  From  the  endodermis  the  vessels 
and  the  bast  are  separated  by  a  single  layer  of  cells,  the  pericam- 
bimn  {p).  In  concentrated  sulphuric  acid  the  entire  cross-section 
is  dissolved,  with  the  exception  of  the  epidermis,  and  the  layer  of 
cells  impinging  thereon,  besides  the  endodermis  and  the  vessels. 
These  last  have  stained  a  beautiful  yellow.      The  endodermis, 
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which  during  the  action  of  the  snlphnric  acid  will  have  partiully 
turned  over,  shows  the  middle  band  in  the  radial  walls  beanti- 
fallf  aadulated.  In  the  oatermost  cortical  layer  also,  adjoining 
the  epidermia,  a  eimilar  appearance  is,  however,  to  be  observed ; 
and  if  we  go  back  to  earlier  preparations,  we  shall  become  con- 
vinced that  there  also  the  radial  walls  show  a  dark  shading.  The 
cells  in  question  are  also  Grmly  united  together,  and  form,  there- 
fore, a  kind  of  outer  endodBjmis,  which  has  also  been  termed 
epidermoid  layer.  ^  The  longitudinal  section  shows  the  vessels 
with  the  thickenings  already  referred  to ;  and  with  corallin  the 
sieve-plates  of  the  sieve-tabes  can  easily  be  made  visible  through 
their  staining  rose-red.  From  the  sieve-tnbes  their  companion- 
cells  can  now  be  distinguished  by  their  abundant  contents  and  their 
smaller  length.  The  waviness  of  the  middle  band  of  the  radial 
walls  of  the  endodermis,  seen  in  surface  view,  shows  as  a  ladder- 
like thickening.  The  pericambium  cells  have  the  same  form  as 
those  of  the  endodermis,  but  greater  length.  It  will  be  noticed 
that  the  inner  endodermis  (bundle  sheath)  takes  up  corallin  into  its 
cell-walla  comparatively  greedily,  while  the  outer  endodermis,  on  the 
other  hand,  is  prominent 
in  the  surrounding  tissue 
by  its  want  of  colour. 

The  :w>t  of  Aconu 
Cdlamvs  [the  sweet  flag, 
not  tmcomraon  by  the 
sides  of  streams  and 
ditches  in  the  eastern 
and  midland  counties, 
and  the  root  of  which  is 
nsed  in  perfumery]  will 
give  ns  further  informa- 
tion on  the  subject  of 
root-structure.  The 
cross- section  of  a  piece 
of  a  f  ally-developed  root 
(Fig.  64)  shows  that  here 
the  fibro-vaeal  rays  (s), 
i.e.,  the  ligneous  portion 
of  the  axial  cylinder,  are  not  combined  in  the  centre  of  the  cylinder. 
They  are  asnally,  to  the  number  of  eight,  arranged  in  an  nnbroken 
ring,  while  the  middle  is  occupied  by  a  pith.     The  lai^  vessels 
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lie,  as  in  Allivm,  towards  the  interior,  the  email  ones  towards  the 
periphery.  The  bast  (v)  altemtites,  as  usual,  with  the  wood  rajs. 
They  are  separated  laterally  by  a  single  or  double  layer  of 
parenchymatons  ground -tisane  cella,  and  outwardly  are  separated 
from  the  endodermia  by  a  unilamellar  pericambium  (p).  The 
eudodennis  consists  of  flattened,  thin-walled  cells.  The  endodennis, 
the  pericambiam,  and  all  the  other  ground- tissue  cells  in  the  axial 
cylinder,  are  usually  closely  filled  with  starch ;  thereby  the  bast- 
portions,  from  containing  no  starch,  show  up  specially  clearly  in 
the  figure.  The  cells  of  the  inner  cortex  are  separated  into 
unilamellar  layers  by  numerous  air  canals.  In  the  periphery 
the  cortical  cells  are  crowded  together  into  a  firm,  strong,  multi- 
lamellar sheafch.  The  outermost,  hypodermal  cortical  layer 
consists  of  radially  elongated  cells,  and  here,  as  in  other  roots, 
forms  an  outer  endodermis,  which,  persists,  whilst  the  epidermis 
itself  dies  and  is  destroyed.  If  potash  solution  is  run  in,  the 
starch  disappears  out  of  the  cells,  and  the  existence  of  dark 
shadings  on  the  radial  walls  of  the  endodermia  can  be  cleariy 
determined.  On  the  inner  endodermis,  as  treatment  with  snl- 
phurio  acid  shows,  only  the  band  which  forms  the  shadings  is 
cnticularized,  while  of  the  outer  endodermis  the  whole  cell-wall 
is.  The  cells  of  the  outer  endodermis  contain  resin.  This 
endodermis  has  a  mechanical  significance ;  it  serves  here  for  the 
protection  of  the  surface,  and  of  the  axial  fibro-vasal  cylinder. 
Through  the  cnticulariaation  they  have  acquired  a  diminished 
extensibiUty  and  an  increased  solidity.  In  order,  however,  that 
the  passage  of  fluids  between  the  axial  fibro-vaaal  cylinder  and 
the  cori^ex  may  remain  possible,  the  inner  epidermis  is  especially 
cnticularized  only  on  the  radial  walls.  ^ 

A  cross-section  through  the  root  of  Iris  jlorentina  shows  in  its 
axial  fibro-vasal  cylinder  the  greatest  resemblance  to  Aconts,  but 
in  it,  on  the  other  hand,  the  endodermis  is  differently  constructed 
(Fig.  56).  The  cells  themselves  (e)  are  unilaterally  thickened, 
always  on  their  side  towards  the  interior,  into  the  form  of  the 
letter  U,  and  the  thickening  mass  is  beautifnlly  stratified.  At 
isolated  points  an  unthickened  cell  occurs,  and  it  can  be  determined 
that,  whenever  present,  such  a  cell  (/)  always  lies  in  front  of 
a  ray  of  the  wood.  These  cells  have  been  called  "  passage  cells."  * 
They  are  permeable,  and  maintain  the  union  with  the  surrounding 
cortex  (c).  In  concentrated  sulphuric  acid  the  thickening  layers 
of  the  endodermis  swell  and  are  dissolved ;  only  the  cnticularized 
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middle  lamella,  forming'  a  delicate  layer  around  the  endodermis 
cells  and  also  ftrODod  the  passage  cells,  remain.     Similarly,  the 
middle    lamella    between    the 
'  vessels  and  in  the  pith  are  not 

dissolved,  and  form  a  delicate, 
bpownish-yellow  network.  A 
tangential  longitudinal  section, 
■which  akirts  the  endodermis, 
shows  ns  that  the  longitudinal 
sti'ipe  of  this  endodermis  which 
lies  ontside  the  wood  portions 
consists  of  an  alternation  of  long 
thickened  cells  and  of  short, 
nnthickened  passage -cells,  with 
abundant  cell-contents.  Here 
and  there  tvro  such  passage- 
cells  follow  one  another. 

The  roots  of  the  dicotyledons 
are  leas  favourable  for  study 
than  those  of  monocotyledons. 
After  we  have  obtained  an  in- 
sight into  these  latter,  it  will  not,  however,  be  difficult  correctly  to 
interpret  the  former.  We  first  prepare  a  orosa-section  from  the 
base  of  a  strong  adventitious  root  of  the  runner  of  Jtanunmliu 
repens  [the  creeping  buttercup,  abnndant  everywhere  by  roadsides 
and  in  pastures].  The  axial  fibi-o-vasal  cylinder  does  not  appear  so 
sharply  defined  towards  the  cortical  tissue  us  it  is  in  monocotyle- 
dons. With  carefnl  observation,  however,  we  find  here  also,  at  the 
boundary  of  both,  the  endodei'mis  marked  with  its  dark  shadows. 
According  to  the  strength  of  the  root,  the  wood  in  the  axial 
cylinder  is  in  four  or  five  rays ;  the  great  vessels  here  also  lie 
towards  the  interior,  the  small  ones  outwardly.  In  monocotyledons 
the  innermost  vessel  is  often  distinguished  by  its  special  size ;  in 
dicotyledons  this  is  seldom  the  case,  and  is  not  to  be  observed  in 
lianuneulug.  The  wood  rays  in  Eanuttculus  reach  the  centre  of  the 
cylinder,  and  hei-e  amalgamate  more  or  less  completely  with  one 
another.*  Yet,  if  at  all,  the  innermost  vessels  are  only  completely 
formed  qaite  lute,  and  remain  mostly  in  the  form  of  thin-waited, 

•  In  lb*  idientiiious  root*  npun  th«  rhliomc  ot  K.  nptia,  >coording  tc  *-  " —    " — 
rumliitf  Annt.  (En^f.  u  —    ~  '""  "  --'■™-    '■'*  "--  -  -----..--  -  ■■-  ■■- 

one  Utkb  ^ ' ■• 


Fie.  Ed.— Piut  ot  ft  eioaa«ac( 

ion  throD^li 

tha  root  of  Irfa  fiarmtitLa.    i,  • 

Ib;  v.  baUi 

U  !»). 
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elongated  cells.  The  bast  bundles  alternate  with  those  of  the 
wood  in  the  cnstflmary  way. 

The  roots  of  the  vasoular  cryptogame  are  simpler,  bnt  are  oon- 
structed  on  the  same  type  as  are  those  of  the  pfaanerogams. 

The  processes  which  lead  to  the  secondary  increase  in  thickness 
of  those  roots  of  Dicotyledons  and  Gymnosperma  which  are  capable 
of  it,  we  will  follow  oat  in  Taxus  haccata  (the  Tew).  For  this 
purpose  we  procare  a  piece  of  root  with  yonng  uninjured  branch- 
lets.  "We  take  a  cross  section  throngh  a  root  abont  f  inch  from 
the  tip.  The  snrface  of  it  is  composed  of  a  parenchymatouo 
cortex  at  least  ten  cells  thick.  The  outennost  cell-layer  of  the 
cortex  is  not  sharply  limited,  as  a  true  epidermis  is  wanting.  The 
centre  of  the  section  is  occupied  by  the  axial  flbro-vasal  cylinder. 
This  is  sniTOTinded  by  an  endodermis.  This  consists  of  flattened, 
thin-walled,*  corky  cells,  whose  walls  are  brown,  and  whose 
diameter  is  manifestly  like  that  of  the  cortical  cells.  These  cells 
show,  on  the  radial  walls,  the  characteristic  dark  shadings.  Aronnd 
the  endodermis  is  developed  a  "  Btrflnvthening  la^er,"  likewise 
nnilamellar ;  its  cells  have  the  width  of  the  other  cortical  cells, 
bnt  are,  however,  distinguished  in  their  radial  walls  by  a  thick, 
shining,  yellow  ring.  These  annular  thickenings  correspond  in 
adjoining  cells,  and  therefore  give  in  cross-section  the  figure  of  a 
bi-convex  lens.  The  axial  fibro-vasal  cylinder  shows  a  diametrically- 
placed,  diarch,  ligneous  body.  At  the  opposite  ends  of  this  stand 
the  narrow,  dark-looking  spiral  vessels.  Further  inwards  from 
these  extends  a  band  of  the  tracheides,  with  bordered  pits,  of  the 
kind  characteristic  of  Coniferc  They  can  be  readily  recognised 
by  their  clear  yellow,  strongly.thickenod  walls.  The  tracheides, 
inwards  from  the  two  groups  of  spiral  vessels,  are 
mly  together  into  a  single  straight  plate  in  the 
midst  of  the  fibro-vasal  cylinder.  On  each  side  of  the  tracheides 
lies  a,  in  the  main,  two-iaycred  band  of  ground-tissue  cells,  with 
narrow  cavities,  thin  walls,  and  containing  starch.  To  these 
adjoin  the  still  smaller-celled  tissue  of  the  thin-walled  bast. 
Finally,  we  find  on  the  other  side  of  this  last  a  sheath,  abont  foui' 
layers  thick,  of  larger  starch-containing  cells.  These  last  cells 
close  tc^ether  into  a  complete  circle,  which,  against  the  spiral 
vessels,  appears  greatly  reduced;  this  represents  the  pericambinm. 

■  Ths  anthlcbesed.  wii]l 
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Kow  examine  a  cross-section  at  aboat  1  inch  fi'oni  the  tip,  and 
we  shall  see  thitt  oa  both  sides  of  the  plate  of  tracheides  the  layer 
of  the  groiiii<i-tisBne,  impinging  on  the  bast  elements,  has  com- 
menceii  to  divide.  It  is  converted  into  a  streak  of  cambinm,  which 
henceforth  cnta  off  internally  tracheides,  estemally  bast,  and  on 
both  sides  medullary  rays.  We  will  take  a  view  of  the  farther 
activity  of  this  atrip  of  cambiam  further  from  the  tip,  and  at  tlie 
same  time  inform  ourselves  as  to  the  Bobjojned  Figure,  56.     The 


Fis.  H.— CrDEe-gcctlonotiiiTnotDlTiutuboccila,  srior  Ihe  conimeTirenient  of  its  IncreaiHi 
In  thickneH-  «,  corteT;  m. 'Btreu^beains  luyeri  a,  eudodenai§.  or  bunrlLe-sheath ;  p. 
pcricuabiam  I  *,  ipinl  TeHets;  (',  primary  bund  otinetieaiee-.f,  banSeol  grgund-tiBSiie ; 
t",  lecondaTf  tracbeidee  with  medullary  rnje;  v",  secondary  b&st  ^  v',  cruihsd  prlioarj 
bsal;  1;.  cells  in  the  Bei»adiU7  taal  nicb  ccjne.lt  In  their  iralli)  r,  reeUi-ooDtiuniDK  celle 
lntl«ipsric»mWum(x  42). 

cross-section  shows  first  the  relations  already  known  to  ns ;  the 
cortex  (c),  which,  however,  has  lost  the  hairs  from  its  outermost 
layer  of  cells;  the  outer  strengthening  layer  (in.),  the  endodermis 
(e),  and  the  axial  cylinder.  The  outeiToost  cell-layer  of  the 
pericambiam  has  in  the  meantime  begun  to  divide  by  tangential 
walls,  and  changed  into  a  still  thin  periderm.  On  both  sides  of 
the  plate  of  tracheides  (t')  we  see  the  inner  inactive  layer  of  tbo 
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ground-tiBRtie  (/),  tie  so-called  "connective  tissue";  further  on 
the  newly-formed,  and  radially-arranged  tracheides  (i'),  with 
namoroits  interpolated  mednllary  rays.  It  is  easier  to  obtain 
information  as  to  these  relations  if  a,  little  potash  solntion  ia  added 
to  the  preparation.  The  vissels  («)  at  the  ends  of  the  central 
plate  stand  out  clearly,  with  dark  outline.  The  central  plate  of 
tracheides  (('),  as  well  as  the  secondary  tracheides  formed  by  the 
cambium  (f),  are  stained  a  beautiful  yellow  ;  the  connective  tisene 
remains  white.  The  wood  bauds,  secondarily  developed,  have  a 
plano-convei  outline ;  at  their  ends  they  rnn  out  into  points,  but 
do  not  as  yet  join  ontside  the  vessels.  At  the  outer  mai^in  of  the 
ligneous  body  we  find  the  cambium,  and  outside  that  the  secondary 
bast  (u*),  which  after  the  action  of  potash  appears  white,  but  in 
which,  however,  sing;le  cells  (t)  appear  black.  These  are  the  cells 
in  the  walls  of  which  crystals  of  oxalate  of  lime  have  become 
embedded.  The  primary  bundles  of  bast  (u')  are  foniid  crushed 
on  the  outer  side  of  that  which  ia  secondarily  prodnced.  In  the 
pericambium,  after  potash,  far  .more  clearly  than  before,  single 
indefinite  cells  show  up  by  their  yellow-brown  contents ;  they 
contain  resin.  The  cork-layer,  developed  from  the  ontermost 
pericambium  layer,  is  coloured  yellowish-green  by  the  potash,  the 
thickening  rings  of  the  strengthening  layer  a  bright  yellow.  The 
endodermis  is  crushed  by  the  cork-layer. 

We  will  still  further  examine  the  cross-section  through  a  root 
about  -^  inch  thick,  which  has  already  cast  ofE  its  cortes,  and 
shows  a  dark-brown  surface.  The  cross.section  shows  us  a  com- 
pletely closed  woody  body,  and  the  figure  of  it  would  not  be 
distinguishable  from  that  of  a  cross-section  of  a  stem  of  similar 
thickness,  were  it  not  that  the  place  of  the  pith  is  occupied  by  the 
primary  plate  of  trache'ides.  The  vessels  at  the  edge  of  this  plate 
are  now  difficult  to  recognise.  The  plate  is  enclosed  in  the  starch- 
containing  connective  tissue,  which  here  compensates  in  a  way  for 
the  mednllary  sheath,  and  into  which  the  oldest  medullary  rays 
open.  The  two  ligneous  bodies  have  joined  in  front  of  the  groups 
of  vessels,  and  the  medullary  rays  at  these  places  are  hardly  longer 
noticeable  for  their  special  width.  The  surface  consists  of  the 
annular,  closed  cork-sheath,  produced  by  the  outermost  layer  of 
pericamhinm.  The  secondary  bark  consists  of  the  secondary  bast 
and  the  elongated  mednllary  rays  ;  the  tissue  here  representing  the 
primary  cortex  is  formed  from  the  enlarged  and  partially  multi- 
plied cells  of  the  pericambium,  filled  thickly  with  starch. 
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Longitadinal  sections  through  these  roots  are  of  interest  in  so 
far  that  we  first  with  the  aid  of  such  determine  that  the  central 
plate  of  tracheides  consists  of  just  the  same  elements  as  the 
secondary  wood.  We  again  find  the  spiral  vessels  at  the  edges 
of  this  plate,  and  determine  that  the  cells  of  the  endodermis  have 
only  small  height,  while  those  of  the  strengthening  layer  are  far 
larger,  and  even  snrpass  in  height  the  contigaona  cells  of  the 
cortex.  With  corallin  the  tra^heides  stain,  alike  in  cross  and 
lonvitndinal  sections,  a  beautiful  corallin-red,  and  the  sieve-plates 
stand  out  in  the  primary  and  secondary  bast.  The  rings  of  tne 
strengthening  layer  also  eagerly  take  up  corallin. 

Dicotyledonous  roots,  as  a  rule,  have  stellately  arranged  wood 
portions,  instead  of  the  two  only  which  are  "present  in  the  Yew. 
In  all  which  thicken  the  same  essential  plan  is,  however,  carried 
out ;  streaks  of  cambium  appear  on  the  external  side  of  the  wood 
opposite  to  each  portion  of  bast ;  gi'adually  the  cambium  streaks 
extend  and  join  into  a  ring  which  encloses  all  the  primary  wood 
and  excludes  all  the  primary  bast,  and  forms  wood  internally,  bast 
externally,  and  medullary  rays  on  both  sides.  In  some  cases  the 
medullary  raja  formed  opposite  to  the  primary  bundles  of  wood 
remain  far  broader  than  the  others,  and  the  ligneons  mass  con- 
tinnes  to  be  rayed,  the  broadening  rays,  however,  being  alternate 
to  the  original  rays  of  wood ;  but  aa  a  rule  theae  medullary  rays 
are  not  distingnishable  from  the  others,  and  the  wood  is  formed  in 
rings,  with  the  cambium,  and  outside  that  bast,  just  as  it  is  in  the 
diarch  fihro- vasal  cylinder  of  the  root  of  the  Tew. 


NOTES  ON   CHAPTER  XU. 

'  De  Bary,  Coraptralive  Anat.  (Eng.  trans.),  p.  '651;  there  find  the  older 
literature ;  Olivier,  Ann.  det  Sc.  Nat.  lioianique,  Sei,  VI.,  Bd.  XI.,  p.  6,  'etc. 

'  Compare  v.  Hdhnel,  filibr.  d.  kait.  dk<id.  d.  iFittetuch.  in  fVien,  mutli. 
natuncin.  CI.  Bd.  LXXVI.,  I.  Abth.  1S77,  p.  642 ;  OUviet,  Lc.  [This  is 
called  the  "  BuberoBB  layer,"  by  Van  TieRhem,  Traiti  de  Botanique,  p.  686.  The 
"  pericambinm,"  id  reference  to  one  of  ita  ubd&I  functions,  haa  been  styled  the 
"ihizogeDio  layer."] 

*  Scbnendeuer,  Ahh,  d.  Jigt.  AJiad.  d.  TPtii.  in  Berlin,  1832.  DU  Schult- 
iclieidm  nnd  Hire  VrTitarkangtn. 

*  Compare  herewith  Schwendener,  as  above,  p.  13. 


lHoU  to  page  136.] 
■  In  old  roott  the  Buaodermio  cells  are  tbicltened  on  their  inner  end  radial 
wklls  Id  U-fnrm,  and  these  thiokeuing  layers  disguise  the  original  atructuie  ot 
tlie  radial  walls. 
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CHAPTEH,  Xin. 


THE   VASCULAE  BUNDLB  OP  THE  FERNS  AND  LTCOPODIAOE* 
[CLUB-M0S3ES]. 

MiTBRiAL  Waste  D, 
Leai-stalka  (base  of)  of  tbe  Bracken  fern  {Pteris  aqailina).     Fresh,  or 

in  alcohol. 
Leaf-stalks  of  the  Polypody  fern  (Poli/jioiium  uiil^ore).    Fresh,  or  in 

alcohol. 
Leaf -stalks  of  the  Hart's  tongue  fern  {Scolopendnum  vuljare).    Fresh, 

or  m  alcohol. 
Stems  of  Club-mosa  {Lycopodium,  sp.).     Fresh,  or  in  alcohol. 

Wb  will  now  make  oarselvea  acquainted  with  the  strnctnre  of 
the  vascular  bundle  in  the  stem  and  leaves  of  the  Ferns.  The 
vascnlar  bundles  are  here  constructed  concflntricaUf ,  whereby  the 
wood  is  completely,  or  almost  completely,  invested  by  the  bast. 
As  object  of  investigation  wo  select  Pterin  aqailina  [the  well- 
known  Bracken  fern].  The  relations  o£  the  vascular  bundles 
are  here  the  easiest  to  master,  although  the  object,  on  account  of 
the  numerous  sclerenchyma  fibres  in  the  ground- tissue,  is  not 
exactly  a  good  one  for  preparation.  It  is  best  to  cut  the  rhizome 
close  behind  its  growing  end,  or  the  leaf-stalk  [I'aahis]  of  a,  leaf 
that  is  still  young.  In  such  sections  the  vascular  bundle  will 
be  found  already  fully  developed,  while  the  characteristic  thicken- 
ing of  the  ground-tissue  is  still  wanting.  The  structure  of  the 
vascular  bundle  is  the  sam.e  in  rhizome  sm  in  leaf-stalk,  and 
should  serve  to  illustrate  the  accompanying  figure,  57,  which 
shows  us  the  cross-section  of  a  vascnlar  bundle  from  the  base 
of  a  leaf-stalk.  On  account  of  the  space  which  they  occupy,  a 
small  bundle  has  had  to  be  selected  for  representation ;  still,  all 
the  elements  entering  into  its  composition  can  be  sufficiently 
well  represented  in  the  figure.  The  first  things  to  strike  the 
eye  are  the  great  scalariform.  vessels ;  but  the  lesser  vessels  are 
thickened  in  the    same   way,    and  only   the   small    protoxjlem 
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elements,  placed  somewhat  laterally  to  these  smaller  vessels,  and 
on  the  concave  side,  show  a  spiral  thickening.  Where  the 
vessels  are  not  in  contact,  they  are  bounded  by  flattened  starch- 
containing  cells  (Ip),  which,  here  also,  we  can  designate  wood, 
parenchyma.'  Vessels  and  wood -parenchyma  together  form  the 
wood,  which  is  almost  enclosed  by  the  bast.  The  elements  of  the 
bast  bounding  the  wood   are   the   sieve-tubes  (v),  and  to  these 


Fib.  KT.— Crou^Fectioc  bhnDgh  s  Tiucalar  bnnilla  fnnn  the  leaf-atiillc  ot  Ptttii  aqaiKna. 

V,  fiieve-iDbes;  t,  pblo^m  tent;  vr,  protopLlMm:  vv,  periubluBm  [DaBt-BhaHtbl;  i,  enda- 
de™iii[b™dlei.be«ih](x!40).         "■       >"  ."i-  i 

CN.B.-The  IrnB  eptral  vestelg,  or  protoijlem,  ar*  imme^Utely  upon  tbe  concave  iiiie  of 

iBfthand'^Brileof'lheBbove  flroro.'  ^eTttrser  bnmlleg  WMld  hsve^lwo  Bu"h  proMi'km 
eruDpe,  situBted  efminetricall;  about  oiie-quBrter  from  eitber  cod  (edge)  of  tbe  buodle.] 

follow  externally  narrower  protophloSm  elements.  These  latter 
elem.ents  are  rich  in  protoplasmic  contents,  which,  as  iodine  proves, 
are  nsnally  wanting  in  starch.  Isolated  protophloiim  elements 
are  likewise  found  scattered  amongst  the  sieve-tabes,  and  biing 
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abont  a  connectioa  with  the  somewhat  siinilar  wood-pareachyma 
cells.  The  periphery  of  the  bast  shows  a  layer  of  still  narrower, 
t.hict- walled,  protophloJim  elemenU  (pr).  The  bast  ia  SDrroanded 
by  a  simple  layer,  thickly  filled  with  starch  (pp),  which  in  its 
position,  bnt  not  in  its  origin,  shows  resemblance  with  the  peri- 
cambinm,  and  maybe  called  periphloSm.  This  layer  is  also  known 
as  the  bast-sbeath.  This  sheath  is  snrroonded  by  the  thin  walled, 
but  atarch-free  and  coi'ky  endodermis  (e),  which  shows  the  dark 
shadings  on  the  radial  walls.  The  cells  of  the  periphloem  [bast- 
sheath]  and  endodermis  correspond  with  one  another,  and  point 
to  a  common  origin  out  of  the  same  mother  cells.  The  wood  is 
bonnded  at  its  two  edges,  6rst  by  ita  covering  layer  of  wood- 
parenchyma,  and  then  directly  by  the  elements  of  the  peiiphloSm 
or  the  protophloSm.  At  these  two  places,  therefore,  the  bast  ia 
either  complelely,  or  almost  completely,  inteiTupted,  while  such 
an  inteTTuption  can,  however,  be  wanting  in  other  ferns.  The 
walla  of  the  endodermic  cells  are  very  commonly  torn  in  cutting, 
whereby  the  vascular  bundle  is  separated  from  the  ground- 
tissue.  The  cells  of  the  ground-tisane  bordering  on  the  endo- 
dermis are  strongly  thickened  here  and  there,  and  then  coloured 
yellow-brown.  The  cross-section  through  the  rhizome  shows, 
under  the  deep-brown  epidermis,  a  brown  and  cutinized  paren- 
chymatous tissue,  which  farther  towards  the  interior  ia  colour- 
less and  full  of  starch.  This  starch-containing  gronnd-tissue 
ia  traversed  by  the  fibro-vasal  bundles,  and  by  reddiah-brown 
sclerenchyma-libres.  These  latter  form  bands  between,  and  run- 
ning more  or  loss  parallel  to,  the  vascular  bundles.  The  vas- 
cular bundles  lying  towards  the  periphery  are  supported  on 
their  enter  side,  immediately  adjoining  the  endodermis,  by  similar 
Bclerenchy ma- fibres,  which  here  represent  the  mecbanical  tissue- 
In  the  interior  of  the  leaf-stalk  the  relations  are  similar ;  but 
here  there  is,  in  addition,  a  bypodermal  ring  of  reddish-brown 
sclerenchyma-fibres,  which  underlies  the  epidermis.  The  longi- 
tudinal section  through  the  rhizome,  or  the  leaf-stalk,  shows  moat 
prominently  the  acalariform  vessels.  The  end  walls  of  these  are 
sharply  inclined,  with  ladder-like  bordered  pits,  partially  broken 
through.*  On  the  side-walla,  separating  the  two  vessels,  it  is  now 
easy  to  determine  that  the  horizontally  elongated  pits  are  bordered 
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on  both  sides  (the  cloaing  membnute  possesses  a  thickened  torne). 
On  the  wall  of  those  vessels  which  adjoin  a  wood-parenobyma  cell 
the  border  is  on  the  other  hand,  only  unilaterally  developed,  on  the 
side  towards  the  vesBel  (the  cloaing  membrane  has  no  toma).  The 
longitudinal  section  may  also  hare  cut  throngh  one  or  the  other  of 
the  spiral  vessels,  and  the  sieve-plates  of  the  sieve-tabes  may  also, 
but  only  with  most  carefnl  examination,  be  disclosed.  We  can 
mate  the  latter  somewhat  clearer  with  the  aid  of  corallin,  and 
determine  that  the  terminal  sieve-plates  are  sharply  inclined  and 
divided  by  thickened  bands  into  nnmerons  areas.  Besides  these, 
the  lateral  walls  of  the  tube  also  bear  ronndish  sieve-pita.  Near 
the  sieve-tubes  can  be  recognised  the  narrow  protophloSm-cells 
with  finely  granular  contents  and  nnclens;  in  contact  with  the 
vessels,  the  starch- containing,  comparatively  short,  wood-paren- 
cbyma  cells.  Like  to  these  last  are  shaped  the  starch- containing 
cellsof  the  periphloSm  (bast- sheath).  The  red-brown,  long,  pointed 
aclerenchyma-fibres  of  the  ground-tissue  show  fine  pores  in  their 

Comparatively  more  complicated  appears  the  axial  vascular 
cylinder  of  the  species  of  Lyeopodiitm  [clnb-mosses].  The  rela- 
tions, however,  of  this  will  no  longer  appear  so  difficnlt  to  under- 
stand if  we  study  the  resemblance  of  its  separate  parts  to  the 
vaacnlar  bundles  of  the  fern.  In  Lycopodiwni  we  have,  in.  fact,  to 
do  with  a  combination  of  numerous  vascnlar  bundles,  like  to  these, 
into  an  axial  vascular  cylinder.  For  investigation,  we  select  Ja/co- 
^diiim  amiplanat'uni  ;  but  another  species  will  serve  equally  well, 
since  in  all  species  of  Lycopodium  the  relations  in  question  recur 
with  unimportant  deviations.  We  somewhat  lighten  our  task  by 
colonring  the  cross-section  at  the  same  time  with  watery  safrauin 
eolntion.  The  accompanying  sketch  (Fig.  58)  will  serve,  however, 
to  give  some  information.  We  find  in  the  crosa-section  of  Lyco- 
podijim  eomplanatum  moat  externally  the  epidermis  (ep);  then  the 
cortical  cells,  which  first  have  wide  cavities,  but  farther  towards 
the  interior  diminish  in  width  and  increase  in  thickness,  and  so 
form  a  firm  sclerencfaymatous  sheath,  which  we  will  distinguish,  as 
the  outer  Bheatb  (ye).  These  strongly-thickened  cortical  elements, 
re  between  them  small  intercellular  spaces  filled  with 
The  outer  cortical  cells  have  stained  more  cherry-red  with  the 
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safraniu;  the  inner,  strongly- thickened  ones,  more  roae-red.  The 
thickened  elements  of  the  cortex  ceaae  suddenly,  &nd  there  succeed 
two  or  three  layers  of  polygonal  cells,  elongated  somewhat  tangen- 
tially,  (ind  united  withoat  gaps,  which  are  coloured  cherry-red. 
These  cells  have  here  the  position  of  the  endodei'mis,  bnt  they  are 
present  in  several  layers,  withoat  the  andnlated  band  or  the 
characteristic  thickening.  On  the  other  hand,  like  the  cells  of  the 
endodcrmis,  they  are  cnticnlarized,  and  withstand  snlphnric  acid 
well.  We  will  designate  this  sheath,  therefore,  as  the  ianer  aheath 
(ut) .   Further  in  follow  several  layers  of  equally  wide  cavitied  cells, 


Fia.  88.— Crosa-Hcti 
ana  epiral  veaseuii  v,  Dasl  (x  2aj. 

of  like  diameter  with  one  another  in  the  cross- section,  often  contain- 
ing starch,  and  with  walls  white  and  shining,  aa  if  swollen.  With 
shoi'ter  action,  these  ai'e  not  stained  ;  with  longer,  they  are  oi-ange- 
rcd.  These  cells  are  here  found  in  the  position  of  the  pericam- 
bium,  and  may  therefore,  as  in  the  ferns,  be  called  periphloem 
(pp).  Wo  now  notice  the  xylem  bands  stained  beautifully  cherry- 
red.  They  consist  of  broad  ecalariform  vessels  («c)  in  immediate 
contact  with  one  another,  i.e.,  without  intermediate  cells,  and,  at 
the  narrow  edges,  of  protosylem  elements,  i.e.,  of  narrow  cavitied 
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annalar  and  spiral  vessels  (sp).  The  ligneous  bands  in  Lycopo- 
dvum,  complanatum  run  aoross  the  cylinder,  and  more  or  less 
parallel  to  one  another.  They  are  somevrhat  (xincave  on  one  Hide, 
on  the  other  correspondingly  convex  ;  and  we  can  determine,  if  we 
take  note  of  the  natural  position  of  the  rising  stem  towards  the 
earth,  that  the  bands  appear  parallel  to  the  surface  of  the  earth, 
and  always  vrith  the  concave  side  turned  upwards.  The  small 
vaacalar  bandies  of  the  leaves,  after  they  have  entered  into  the 
central  cylinder,  join  on  to  the  apiral-yosser  gronp  of  a  ligneous 
band,  jest  as  in  the  ferns.  The  ligneous  bands  not  infrequently 
anastomose,  an  example  of  which  can  he  suen  in  the  lower  bands 
of  the  sketch  (Fig.  58).  In  the  erect  stems  of  Lycopodium  Selago 
the  whole  of  the  ligneons  bands  are  combined,  and  form  a  star. 
The  ligneons  bands  are  sutrounded  by  a  single  layer  of  thin- 
walled,  narrow-cavitied  cells,  which  we,  as  in  the  ferns,  can  desig- 
nate wood- parenchyma  cells.  At  the  edges  they  pass,  with  their 
protoxylem  elements  and  wood- parenchyma  cells,  ont  to  the  tissue 
of  the  periphlo8ra.  Between  the  bands  formed  by  the  wood  lie 
cells  with  white,  strongly  refractive  walls ;  they  have  narrow 
cavities,  only  a  middle  row  is  distinguished  by  somewhat  broader 
cavities.  These  bands  of  tissue  separating  the  portions  of  wood 
form  the  bast;  the  lai^er  elements  in  this  latter  are  the  sieve- 
tubes  (c).  In  specially  favourable  cases  of  staining,  the  walls  of 
the  sieve-tubes  are  rose-red,  while  the  other  elements  of  the  bast 
remain  colourless.  At  the  edges  of  thcso  bands  of  sieve-tubes 
the  protophloSm  elements  are  distinguished  by  the  narrowness 
of  their  cavities.  With  these  protophloern  elements  the  sieve-tubes 
reach  the  poriphloem,  the  considerably  lai^er  cells  of  which  show 
np  clearly  against  the  wood  and  bast.  At  the  inner  limits  of  the 
periphlo^m,  the  inner  part  of  the  vascular  cylinder,  consisting 
of  the  wood  and  bast,  can  be  easily  broken  away  in  cutting  the 
sections. — The  longitudinal  sections  show  ns  :  most  ostemaliy,  the 
epidermis;  then,  the  broad  cortical  cells  running  obliquely  towards 
it ;  further,  the  scloronchyma  fibres  of  the  outer  sheath ;  after  this, 
the  inner  slieath  of  elongated  parenchyma;  the  peri  phloem  with 
white,  thicker  walls,  and  cross-walls  situated  obliquely;  the 
scalariform  vessels,  and  the  narrow,  in  part  very  greatly  stretched, 
annular  and  spiral  vessels;  finally,  also,  the  elements  of  the  bast. 
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The  inner  of  these,  recognisable  by  their  length,  somewhat  greater 
breadth,  and  their  poverty  in  contents,  are  eieve-tnbeB.  The  far 
shorter,  nan'ow,  and  mnch  richer  protophloBm  cells  are  distin. 
guished  by  their  shining  granular  contents.  With  the  aid  of 
corftllin  and  aniline  blue  it  is  possible,  bnt  very  difficult,  to  recog- 
nise the  comparatively  small,  inclined  sieve-plates. 


BOTES   TO  CH4PTEB  XIU. 

[>  The  Tood-parenchf  ma  of  the  Tascalar  bundle  of  Feme  ia  yaj  geDenll; 
deaignnted  "packing  celts."] 

'  Compare  also  De  Bury,  Comparative  Anatomy  (Engl,  translation),  p.  170. 
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CHAPTER  XIY. 

CORK.'LENTICELS;  THE  FALL  OF  LEAVES. 

Material  Wanted. 

Twiga  of  the  Elder  (Sniitiucwe  nigra)  abovl  t  in.  thick;  ditto  about 
■|  in.  thick.  iFresh,  or  in  alcohol.  Pretty  old  twiga  of  the  Laburnum 
(Cytiaue  Labwnum),     Fresh,     Fine  bottle  cork. 

Pretty  old  twiga  of  the  Red  Currant  (Bibet  rubrum).  Fresh.  Baae  of 
leaf -stalks,  with  piece  of  twig  attached,  of  the  Horse-Chestuut 
I^icvItu  Bippoca$tanum).  In  autumn.  Fresh,  or  in  alcohol.  Or 
the  same  of  the  Kentucky  CoSee-tree  {Gymnocladus  canadengis), 
the  Bastard  Acacia  {Bobinia  Faeudo-Acadai,  or  one  of  the  Poplars 
(Populus  dilatali). 

Strong  leavea  of  Gymnotladua  eanadenaie,  or  Ailanthki  (jlamhiloea. 
Fresh.  Or  of  the  Ash  [Frcueinug  exceUior)  or  the  Walnut  (J^uglane 
regia). 

We  have  already,  upon  various  objects,  had  the  opportunity  of 
making  oui-aelves  acquainted  with  the  position  and  atmcture  of 
cork.  None  the  leas  will  we  once  again  turn  onr  attention  to  this 
object,  in  order  to  study  on  the  one  hand  the  Lenticels,  and  on  the 
other  band  the  structure  and  reactions  of  the  wall  of  cork  cells.' 

Cross- sections  through  a  twig,  about  g  inch  thick,  of  Sambacus 
nigra  (the  Elder)  show  ua  around  the  large-celled  pith  the  sepa- 
rate fibro-vasal  bundles  already  bound  into  a  ring  by  the  interfas- 
cicular cambium.  The  cambium,  ring  has  also  already  commenced 
its  activity,  and  in  the  fibro-vasal  bundles,  as  well  as  also  between 
them,  has  formed  in  the  usual  fashion,  inwardly  secondary  wood, 
outwardly  secondary  bast.  The  primary  bast  appears  out- 
wardly supported  by  sclerenchyma  fibres.  The  cortex  is 
from  teu  to  fifteen  cells  thick.  The  projecting  ridges  of  the 
stem  exhibit  a  strong  hypodermat  sheath  of  coUencbyma,  which 
in  the  grooves  is  rednced  to  a  layer  two  or  three  cells  thick. 
Under  the  stomata  the  collenchy ma- sheath  is  interrupted  by 
the  green  cortical  parenchyma,  which  here  extends  to  the 
epidermis.     In  parts  of  the   stem   about  ^  inch    thick  the  for- 

*  Man;  rapidl;-groviti)i  atems  shov  tbe  development  of  cork  with  Temarkable 
beauty.  One  of  the  best  for  Uiia  purpose  is  Hibiscus  roia-aineniii,  a  very  com- 
monly CDltiTated  hot-hoQBS  perennial.    Fresh  or  hi  alcoboL 
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mation  of  Cork-layer  commences,  always  by  tangential  division 
of  the  outermost  collenchyma-cella  immediately  bordering  on  the 
epidermis.  The  inner  of 
the  sister-cells  thus  pro- 
duced a^in  divides,  and  it 
is  then  the  middle  cell  of 
the  three  radially-disposed 
cells,  which  farther  acts  as 
a  cork-cambinm  cell.  This 
is  easy  to  recognise,  even 
after  the  periderm  has  be- 
come moltilamellar  (Fig. 
69,  pK).  Outermost  in  each 
radial  row  lies  the  oater, 
while  innermost  lies  the 
inner  portion  of  the  original 
collenchyma  cell  (cl)  ;  the 
flattened  cell  (pA),  bonnding 
the  inner  portion  externally, 
is  the  cork-cambium  or 
phellogen-cell."  In  fortanate 

cross- sections  we  can,  moi-e-       pliellogeo ;  ct  aaS  cl,  onter  end  innar  parts  of  tlio 
3   ±  .1.    iiu     »  original  oolienohrnia  oeU(>i  MO). 

over,  determine  that  the  for- 
mation of  a  connected  cork- layer  ia  preceded  by  a  peculiar  process, 
which  commences  under  the  stomata.  The  primary  cortical  cells 
which  enrronnd  the  air-chamber  commence  to  divide,  and  the 
divisions  encroach  laterally  npon  the  surrounding  collenchyma 
cells.  Soon  b  formed  under  the  stoma  a  layer  of  dividing  cells  in 
the  form  of  a  meniscus  (Fig.  60,  pi),  which  produces  externally 
colourless  cells,  which  become  rounded  (i),  and  internally  cork- 
cells,  or  Phellem  (pd).  The  enter  cells  are  distinguished  as 
paokii^;-oellB.*  They  become  brown,  but  not  corky ;  and  moreover, 
as  they  increase  in  namber,  they  soon  cause  such  a  pressure  on  the 
epidermis  that  this  is  torn  into  fissures.  In  this  way  is  produced 
the  cortical  pore,  or  lenticel.  If  a  twig  is  examined  with  the 
naked  eye,  the  lenticels  appear  as  grooves,  snrrounded  by  two 
lip-like  cushions.  The  brown  colour  of  the  packing-cells  is 
specially  noticeable.  On  younger  parts  of  the  stem  the  lenticels 
appear  as  oval,  somewhat  projecting  spots.  Still  younger  stages 
*  See  note  on  pnga  1S9. 
*  Fiillzellen,  translated  by  Boner  b  Soott  (De  dry,  Comp.  Ar.at.),  as  "  torn- 
plementa'y  cells."     [Ed.] 


d.,  Google 


154  co&K. 

are  marked  out  by  somewhat  brig-hter  coloarJ  The  eection  mnst 
be  taken  throagb  sach  places  in  or^er  to  sbow  the  youngest  Btagea 
of  development.  Not  till  after  the  splitting  of  the  epidermis  do 
dirisioQB  begin  in  the  neigbbonring  coltenchyma,  which  result  in 
the  formation  of  the  periderm.  The  packing-cella  oE  the  lenticel 
are  separated  from  one  another  ;  proportionally  as  they  ontwardly 
undergo  disorganization,  they  are  replaced  by  the  action  of  the 
ca,mbium.  The  intercellnlar  spaces  of  tbe  packing-cells  are  filled 
with  air ;  between  them  is  commnnioation  of  the  inner  tissue  of 
the  stem  with  the  surrounding  atmosphere.  They  compensate, 
therefore,  for  the  stomata  in  older  parts  of  plants,  in  which  the 


cork- formation  has  begun.  For  the  winter,  somewhat  more  com- 
pact and  resistant  packing-cells  are  formed.  A  specially  formed 
oloBing  layer  of  narrow  cells  close  together  is  not  present  in 
SamiuCKS  in  winter,  while  they  are  met  with  in  many  other  plants, 
as  also  are  intermediate  layers,  which,  formed  jnst  like  the  closing 
layer,  are  from  time  to  time  interposed  between  the  packing  cells 
during  the  period  of  vegetation.  The  cells  of  these  closing  and 
intermediate  layers  become  corky,  but  allow  radiiiUy  running 
intercellular  spaces  between  them;  so  that  they  do  not  effect 
complete  closure.^  In  older  parts  of  the  stems  of  Sambucus  tbe 
periderm  has  lougitadinal  clefts.  These  pass  through  the  lenticels, 
without,  however,  injuring  them.     The  lenticels  persist  even  on 


,iz=..,Coot^[c 


CORK.  156 

qnite  old  stems,  wTiile  tHe  ont«r  layers  of  peridena  between  them 

scale  off. 

II  is  recommended  to  stndy  the  atractnre  of  cork-cells  in  the 
first  place  npon  Cytims  Lahumuia  [the  LabarDum],  because  here 
they  are  remarkably  thickened.  Cross-sections  through  the  cortex 
of  older  stems  show  the  periderm  formed  of  only  one  kind  of 
cork-cells.  These  cork-cells  are  arranged  in  regular  radial  rows. 
The  youngest  cork-cells  are  colourless,  the  older  coloured  yellow, 
the  oldest  yellow-brown.  Those  lying  at  the  periphery  appear 
langentially  stretched,  often  to  the  disappearance  of  their  cavity. 
All  these  cork-cells  are  greatly  thickened,  especially  on  their  ontcr 
side.  In  them  can  be  readily  distinguished,  even  without  the  aid 
of  reagents,  the  delicate  middle-lamella,  or  primary  membrane, 
separating  the  cells,  a  strong,  distinctly  laminate,  secondary 
thickflning-layer,  and,  on  the  inner  side  of  this  latter,  a  tertiary 
thickening-layer.  Consequently  each  complete  wall  separating 
two  cell-cavities  consists  of  five  distinct  layers ; — the  middle- 
lamella,  which  here  represents  the  primary  cell-wall,  and  is 
Ugnificd ;  the  two  secondary  thickeniug-lajers,  which  alone  are 
corky  ;  and  the  two  tertiary  thickening- layers,  which  often  retain 
their  cellulose  character  and  are  therefore  distinguished  as  cellolose- 
layers,  bnt  here,  however,  are  a  little  lignified.  With  chlorzinc- 
iodine  the  cork-cells  colonr  yellow  to  yellow-brown,  the  younger 
darker  than  the  older,  their  tertiary  layers  the  darkest.  The  cha- 
racteristic reactions  of  the  cork-material  or  Snbeiin  are  obtained 
by  potash,  maceration-miitnre,  and  chromic  acid.'  Wo  first  treat 
the  sections  with  potash,  and  deteinnine  that  the  cork-cells  become 
yellow.  We  warm  the  section  carefully  under  a  cover-glass  upon 
the  object-slide,  and  find  at  once  that  the  intensity  of  the  yellow 
coloration  has  increased.  With  the  maceration-mixture  (chlorate 
of  potash  and  nitric  acid)  we  obtain  a  reaction  for  Ceric  acid.  IE 
anwarmed,  the  mixtare  first  acts  by  colonring  the  cork-cells 
yellow-brown,  besides  which  all  their  parts  become  clearer.  It 
the  prejtaration  is  now  boiled  npon  the  object-slide,  if  necessary 
more  of  the  reagent  being  added,  soon  of  the  whole  section  only 
the  corky  layers  of  membrane  remain  behind  ;  these  finally  swell 
and  fnse  into  a  colourless,  globular  mass.  It  is  the  so-called 
Ceric  acid,  which  is  readily  dissolved  in  alcohol,  and  still  more 
so  in  ether.  If  pretty  concentrated  solntion  of  chromic  acid  is 
permitted  to  work  upon  the  section,  of  this  there  finally  remains, 
as  before,   only    the    corky  layers    of   the  cork-cells.      After  & 
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lon^r  time  tbeae  themselves  become  so  transparent  that  it  is 
difficult  to  find  them  agtun,  olthoagh  tliey  do  not  disappear. 
Kotwiths landing  that  the  middle-lamellee  have  been  disaolved,  the 
secondary  thickening-layers  adhere  to  one  another. 

The  bottle-cork  (of  Querirus  guber  [tke  cork-oak])  consists  of 
almost  cubical,  thin -walled,  comparatively  large  cells,  which 
gradually  pass  over  into  somewhat  more  strongly  thickened, 
flatter  cells,  marking  the  limits  of  the  year's  production,  to  which 
the  cubical  cells  ajain  succeed.  Addition  of  potash  solution 
colours  the  section  yellow,  and  first  of  all  the  somewhat  thicker 
walled  cells  marking  the  year's  limits.  Upon  these  it  can  now  be 
determined  that  hei'e  also  each  [double]  wait  consists  of  five 
layers,  just  as  we  found  it  in  Cytism.  Here  also  the  tertiary 
thickening  layer  does  not  ^ive  at  first  the  cellulose  reaction, 
excepting  after  corresponding  ti:eatment.  The  reactions  for 
enberin  occur  here  more  beautifully  than  in  Cytlsut,  especially  the 
Ceric  acid  reaction. 

Often  from  the  phellogen  are  formed  not  cmly  centrifn^I 
cork-cells,  but  also  centripetal  cortical  cells,  the  so-called 
Fhellnderm.  Rarely,  however,  does  this  phelloderm  attain 
Eucb  a  decided  thickness  as  in  the  species  of  Bibes.  If  we 
piepare  cross- sections  throngh  older  stems  of  Ribeg  mbru-ot 
[the  Red  Cnirant],  we  find  under  the  thin-walled  brown  eork- 
layer,  first  the  phellogen,  then  a  thick  layer  of  chlorophyll- 
containing  cortical  cells.  These  last  also  are  arranged  in  radial 
rows,  which  coincide  with  those  of  the  neighbouring  cork.  In  the 
inner  part  of  the  phelloderm  the  radial  arrangement  is  lost,  in 
consequence  of  subsequent  extension.  The  innermost  phelloderm- 
cells  border  on  the  ooilenchyma  of  the  cortex.  All  the  structures 
proceeding  from  the  phellogen  are  collected  under  the  term 
periderm;  in  Eibet,  therefore,  the  periderm  consists  of  cork 
(phellem)  and  cork-cortex  (phellodflrm).  It  is  also  of  interest  to 
take  sections  through  this  year's  stem  of  Mibes  ruirum,  in  which 
the  cork  formation  has  for  a  short  time  began.  We  can  here  see 
the  first  commencement  of  the  phelloderm  formation,  and  at  the 
same  time  determine  that  in  the  plant  in  qnestion  the  phelloderm 
is  situated  pretty  deeply  in  the  cortex.  The  more  external  tissne, 
cnt  off  by  the  cork-layer  from  access  of  sap,  perishes,  becomes 
brown,  and  forms  the  so-called  Bark. 

The  fall  of  foliage  leaves  in  autumn  •  results  from  the  inter- 
■  What  loUonB  it  a  trdDslation  ot  pp.  340-211  of  the  larger  vrorb,  Da*  Bolaa- 
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position  of  a  Beparatlus  layer  [or  what  we  may  call  an  aludsl 
layer]  which  is  formed  earlier  or  later  during  the  period  of  Tege- 
tation,  and  which  cuts  acrosa  the  articalation  of  the  leaf-stalk. 
This  absciss  layer  is  the  only  nevr  formation  the  existence  of- 
which  can  be  proved  at  the  base  of  the  leafiets  of  a  componnd 
leaf,  and  also  at  the  base  of  the  primary  leaf-stalk  of  many  leaves 
(as  those  of  ferns,  and  nnmerona  phanerc^ms);  the  scar  is  then 
somewhat  later  closed  by  a  cork.layer,  or,  as  in  the  ferns,  by 
simple  drying  of  the  surface  cells.  In  other  cases,  on  the  other 
hand,  before  the  fall  of  the  leaf,  is  formed  at  the  base  of  the 
primary  leaf-stalk  a  periderm,  separated  from  the  absciss-layer  by 
afew  layers  of  ronnded  cells,  and  which,  after  the  fall  of  the  leaf, 
is  only  bronffht  into  a  state  of  more  active  development.  *  We 
will  examine  the  processes  a  little  more  closely  in  jSSsculus  Hippo- 
castanum,  (the  Horse- Chestnut),  during  the  fall  of  the  leaf.  The 
research  is  carried  on  npon  alcohol  material  just  as  well  as  upon 
fresh,  so  that  we  can  become  independent  of  the  time  of  the  year. 
The  absciss- layer,  as  well  as  the  cork-layer,  lie  in  the  position 
which  is  clearly  visible  externally  as  the  boundary  between  the 
brown  tissue  of  the  cortex  and  the  green  tissue  of  the  leaf-stalk  ; 
upwards .  this  boundary  strikes  the  angle  which  the  leaf-stalk 
forms  with  the  bud  in  its  axis.  We  cut  off  the  leaf-stalk,  with 
the  surrounding  parts  of  the  cortex,  from  the  twig,  and  halve  it  in 
a  median  line.  We  take  now  a  number  of  delicate  longitudinal 
sections  with  the  razor,  in  which  we  take  care  that  some  of  them 
also  cnt  throngh  a  fibro-vasal  bundle.  In  such  longitudinal 
sections,  prepared  from  fresh  material,  and  examined  in  water, 
the  cork-layer  is  at  once  observable,  even  with  low  magnification! 
as  a  clear  brownish  streak,  between  the  deeper  brown  cells  of  the 
cortex,  and  those  of  the  leaf-stalk.  lu  alcohol- material  the  cell- 
walls  of  the  cortex  and  of  the  leaf-stalk  remain  colourless.  The 
cork  layer  is  clearly  reddish-brown,  especially  on  the  cortical  side. 
It  consists  of  six  or  eight  layers  of  cells,  and  joins  on  to  the  peri- 
derm of  the  twig  with  its  margins.  Its  phellogen  lies  on  the  side 
of  the  stem.  This  cork-layer  is  penetrated  by  the  flbro-vasal 
bundles  of  the  leaf.  Separated  by  some  layers  of  cells  from  this 
periderm  [and  on  the  leaf-stalk  side  of  it]  the  absciss -layer,  only 

itclie  Practiciim.  inserted  here  by  request  of  tbe  Author.  I  oomineiiced  an 
investigiilion  into  this  subject,  still  in  prbgrebs,  ia  tbe  autumn  ol  1882.  in  the 
Botanical  Laboratory  at  Bonn,  under  tbe  (tuiilauce  of  tbe  Author.  Tbs  lenves 
leterred  to  above  were  included  m  that  research,  aud  the  results,  as  far  as  thejr 
go,  wbBtantially  coincide  with  what  follows.   [Ed.] 
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ft  few  celI-row8  thicTc,  mna  within  the  roundish  cells  of  the  leaf- 
stalk, recognifiable  by  its  yellow  colour,  the  newly  intercalated 
dividing  walle,  and  the  more  copious  contents  of  its  cells,  which 
likewise  contain  Bm«ll  starch-grains.  It  is  first  formed  shortly 
before  the  fall  of  the  leaf,  while  the  periderm  was  already  present 
much  earlier,  and  is  continued  through  the  living  elements  of  the 
fibro-vasal  bundle.  For  the  rest,  the  cells  of  the  leaf-stalk  are 
almost  completely  emptied  of  reserve  food  materials ;  they  con- 
tain, as  treatment  with  iodine  shows,  only  a  trace  of  starch.  In. 
the  same  way  starch  is  wanting,  alike  in  the  leaf  and  in  the  cortex, 
within  the  fibro-vasal  bundle,  although  in  the  cortex  it  is  very 
abundantly  represented  in  the  vicinity  of  the  fibro-vasal  bundle. 
The  thin-watlod  elements  of  the  fibro-vasal  bundle  are,  on  the 
other  hand,  tilled  with  highly  refractive  masses,  which  give  a 
tannin  reaction.  If  fresh  sections  are  examined  in  water,  this 
latter  commences  very  quickly  to  fluoresce  with  a  bluish  tone, 
from  the  EBSCnlia.  which  comes  out  of  the  stem.  Komerous  cells 
of  the  leafstalk  contain  clusters  of  crystals,  or  a  single  crystal, 
of  oxalate  of  lime.  Preparations  treated  with  aceticized  methyl- 
green  show  in  the  cells  of  the  leaf-stalk  a  rem.nant  of  the  proto- 
plasmic sac,  the  nucleiia,  and  chlorophyll-grains.  The  yellow 
grains,  into  which  the  chlorophyll- grains  break  up,  give  to  the 
leaves  their  autamn  tint.  The  fall  of  the  leaf  takes  place  inside 
the  absciss- layer,  the  cells  of  which  become  rounded,  and  so  dis- 
nnited ;  the  fibro-vasal  bundle  is  torn  through  in  the  correspond- 
ing part.  The  leaf-scar  is  covered  by  the  roundish  parenchyma- 
tous cells,  which  lie  between  the  absciss-layer  and  the  cork-layer, 
and  therefore  at  first  appears  greenish.  .  These  cells  become  brown, 
and  dry  up  quickly  in  air.  The  exposed  and  broken  elements  of 
the  fibro-vasal  bundle  wither,  and  their  walls,  as  well  as  their 
contents,  become  dark-brown.  Under  these  decayed  cells  a  phello- 
gen  is  now  formed  also  in  the  fibro-vasal  bundle.  It  arises  through 
division  of  all  the  elements  provided  with  living  contents.  In  the 
vessels  which  are  devoid  of  a  protoplasmic  cell-body,  the  process 
naturally  is  interrupted.  These,  on  the  other  hand,  are  quietly 
crushed  by  the  dividing  cells,  Thas  is  developed  on  the  leaf-scar, 
a  completely  closed  cork-layer,  which  further  increases  somewhat  in 
thickness.  Between  the  cell-rows  of  this,  the  flattened  and  drawn- 
out  ends  of  the  vessels  can  later  on  be  still  recognised.  The  dead 
ends  of  the  fibro-vasal  bundles,  however,  continuously  project,  to 
the  number  usually  of  5  or  7,  oat  of  the  shield-like  leaf-scar.     As 
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&  Specially  favonrable  object  for  tlie  stady  ol  tbo  processos  here  de- 
scribed, may  be  mentioned  Gymnocladvs  canadensis  [the  Keatncky 
Coffee -tree],  where  it  is  at  our  disposal,  and  also  Bohtnia  Fseud- 
Acacia  [the  common  bastard  Acacia],  or  Papnlaa  dilatata.  The 
results  of  the  investigation  will  agree  in  the  main  with  the  pro- 
cesBes  above  described.  If  strong  leaves  of  Gymnocladus  caTiadensis, 
or  of  Ailanthus  glanduloea  are  laid  in  a  damp,  dark  chamber,  the 
former  in  about  48  hours,  the  latter  in  four  days,  lose  their  leaflets 
on  the  slightest  tonch,'  Longitudinal  sections  through  the  place 
of  insertion  of  their  leaves  shows  that  an  ahsciss-laycr  has  heen 
formed  at  their  base.  Sach  an  ahsoiss-layer  commences  its  forma- 
tion also  at  the  base  of  the  common  leaf-stalk  at  about  the  sixth 
or  seventh  day.  Under  these  conditions,  however,  a  periderm  is 
not  formed  under  the  abscise- layer,  Fraxinut  excehior  (the  Aah) 
and  Juglana  regia  (the  Walnut)  can  also  be'  nsed  in  this  expei-i- 
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[Note  (0  page  158.] 
<  At  first  Ibe  phellogen  gives  rise  only  to  oork  cells  on  its  onter  eide  j  ioon, 
however,  it  begins,  tbongh  comparatively  but  epavely,  to  cut  oH  cells  on  ita 
ioner  side,  which  contain  chloropbyll-gruins,  and  take  part  in  the  thickening 
of  the  ecTtex,  wliich  tbe  growth  in  tbickness  of  the  stem  Las  stretclied.  Tbia 
cortex,  developed  from  the  cork  cambium,  is  known  as  tbe  phellogenie  coitez, 
or  phtllodtrm.  Tbe  -whole  of  the  products  of  tbe  activity  of  tbe  cork-cambiam 
ore  collected  togetber  under  the  name  peridtim. 
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Leaves  of  the  garden  Rue  {Rutit  gravealeng).     Fresh. 
Leaves  of  the  Beech  {Fague  sijlvalica).    Fresh. 
Flowers  of  the  Mullein  (Verhascum  n^j-wm).    Fresh. 
.       Petals  of  the  Poppj  {Papaver  Bhaae).    Fresh. 

We  will  now  endeavour,  by  means  of  a  series  of  esamples,  to  make 
ourselves  acquainted  with  the  structure  of  leaves.  We  turn  first 
to  foliage  leaves,  and  to  kinds  which  exhibit  the  smallest  amount 
of  differentiation  of  their  inner  structure.  Our  first  example  shall 
be  Buta  graveolens  [the  garden  Ene],  the  leaves  of  which  also 
usually  remain  fresh  during  the  winter.  The  leaves  of  this  plant 
are  bipinnate,  the  leaflets  ovate.  Held  towards  the  light,  these 
leaflets  show  clear  spots  ;  these  are  the  glands,  filled  with  etherial 
oil,  internal  glands  in  the  tissne  of  the  leaf.  To  the  oil  contained 
iu  them  the  leaf  owes  its  strong  smell  when  bmised.  We  take 
first  surface  views  by  means  of  surface-sections  of  the  epidermis, 
and  determine  that  the  upper  side  (Fig.  61,  A)  anivorsally  has  no, 
or  but  few,  stomata ;  these,  on  the  other  hand,  are  numerous  on 
the  under  side  (£).  Elongated  pits,  filled  with  air,  lead  np  to 
the  stomata.  Above  the  glands,  as  can  be  determined  npoa  either 
upper  or  under  epidermis,  lie  usually  four  cells  (A,  ac).  These 
cells  form  in  the  conti'e  a  shallow  depression.  In  thicker  parts  of 
the  section,  where  the  glands  are  not  opened  by  the  razor,  can  be 
seen  in  these  a  highly  refractive  yellow  drop.  With  still  deeper 
focussing  we  can  determine  that  under  the  epidermis  of  the  npper 
aide  lies  a  green  tissue  of  cells,  which  appear  round  in  optical 
section  (A,  p).  These  cells  are  almost  completely  separated  from 
one  another,  and  the  intercellular  spaces  tilled  with  air.  Below 
the  under  epidermis  are  situated  cells,  likewise  green  and  roanded 
in  optical  section,  but  in  much  smaller  number  (B,  s).     These  cellsi 
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also,  are  separated  by  air,  and  leave,  especially  under  the  stomata, 
wide  air-chambepfl.  After  obtaininjf  this  informatioii,  we  piw^eed 
to  cut  cross-nee tiona ;  these  we  prepare,  perpendicularly  to  the 
long  aiis  of  the  leaflet,  in  the  manner  already  known  to  us ;  viz., 
by  placing  the  leafl'et,  for  the  purpose  of  cutting,  between  two 
pieces  of  elder-pith.  The  cross-section  shows  ns  the  leaf-tisane  or 
meaophfU,  between  the  upper  and  under  epidermis.  Proceeding 
from  above  downwards,  we  see  first  the  epidermis  of  the  upper 
side  (Fig.  62,  ep'),  then  a  double  parallel  layer  of  chlorophyll, 
containing  cells,  elongated  perpend icnlarly  to  the  surface  of  the 
leaf,  which  we  call  the  palisade  layers.  We  already  proved  by  the 
enrface-section  that  these  cells   are  laterally  more  or  less  com* 

n 


Fio,  61. — Epidmnia  and  nnderljin^  tigano  of  tlie  leaf  of  Rvia  grmedlmia.  A,  epIdemlB 
of  the  upper  Bide  ^  >e,  epiitenuHl  retia  over  a  elrnicl;  p.  palisade  cellBi  It,  epidermiB  of  the 
uDder  Me ;  i,  spongy  paroiichjnia.  In  A,  Cbe  iniei-oellu^ar  spaces,  BUcd  niih  air,  Ma 
thadedi  in  B,  are  left  clear  (k  240). 

pletely  separated  from  one  another ;  on  the  other  hand,  the  two 
snccesaive  layers  are  closely  joined  together  by  their  ends.  The 
elements  of  the  second  palisade  layer  (pi")  are  somewhat  less 
numerous  than  those  of  the  first ;  and  two  of  the  outer  palisade 
cells  often  stand  upon  one  of  the  inner.  To  these  two  palisade 
layers  follows  a  loose  tissae,  that  extends  to  the  epidermis  of  the 
under  side,  and  forms  a  net  with  wide  meshes ;  this  tissue  we  call 
Spongy  parenchyma ;  it  contains  fewer  chlorophyll -grains  than  the 
palisade  tissue.  The  cells  of  the  upper  layer  of  spongy  parenchyma 
(sp')  arefast  joined  to  the  inner  palisade  cells,  each  one  usually 
being  attached  to  several  of  the  latter  cells.  None  of  the  palisade 
cells  remain  with  their  under  ends  free ;  where  this  appears  to  be 
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the  case  (as  in  Rome  of  tbe  paliFia^le  cells  in  the  figure),  the  junction 
does  not  lie  in  the  plane  of  the  fignre.  So  also  in  the  spongy 
parenchyma,  the  cells  have  no  free  ends  ;  the  ends  of  all  cells  join 
together.  The  lowermost  layer  of  spongy  parenchyma  (sp"')  is 
elongated  in  the  direction  of  the  lower  epidermis,  and  directed 
more  or  less  perpeudicnlarly  to  it ;  here,  therefore,  we  have  an 
intermediabe  formation  between  spongy  parenchyma  and  palisade 
parenchyma.  The  air-cbamberfl  (a)  nnder  the  stomata  (et)  are 
left  free.  Single  cells  in  the  sp<mgy  parMichyma  contain  com- 
ponnd  cryBtflls  of  oxalate  of  lime  (ft).  These  cells  are  devoid 
of  chlorophyll,  swollen  into  a  barrel-shape,  and  appear  as  if 
antipended  between  the  green  cells.  At  the  edges  of  the  leaflets 
the  outer  sides  of  the  epidermal  cells  are  strongly  thickened.  The 
palisade  layer  is  single  at  the  edges,  and  passes  over  on  the  nnder 
side  of  the  leaf  into  the  elongated  layer  of  spongy  parenchyma 
(sp'").  The  fibro-Tasal  bundles  lie  in  the  spongy  parenchyma; 
the  largest,  in  the  midrib  of  the  leaflet,  extends  ou  the  one  side 
almost  to  the  inner  pah'sade  layer,  oq  the  other  side  to  the  under- 
most elongated  layer  of  spongy  pareoehyma.  In  the  fibro-Tasal 
bundles  themselpea,  we  recognise  readily  the  darker-looking  vessels 
and  the  lighter  bast.  The  radial  ara-angement  of  the  elements 
arises  from  the  bilateral  but  temporary  activity  of  the  cambium. 
Around  the  bundle  is  a  sheath  of  parenchyma,  the  elements  of 
which  contain  chlorophyll -grains,  and  which  join  on  to  the  sur- 
rounding spongy  parenchyma.  Tho  relatiojis  of  the  smaller 
bundles  are  similar,  as  is  shown,  for  example,  in  the  figure.  Still 
smaller  fibro-vasal  bundles  (w),  which  are  reduced  to  a  few 
vessels  and  bast- elements,  are  also  met  with  in  the  cross-section. 
These  remain  to  the  last  surrounded  by  a  sheath  of  elongated 
parenchyma.  The  glands  (sc)  impinge  upon  the  epidermis  of  the 
apper  or  under  side.  They  are  circular  in  outline,  clothed  by  a 
layer  of  thin-walled,  mca*  or  less,  disorganized  cells,  to  which 
follows  a  layer  of  fiat  cells  with  granular-  contents,  and  pretty 
thick  white  walls.  Tte  surrounding  chlorophylljjontaining  meso- 
phyll  joins  on  to  these  cells.  The  epidermal  cells  which  lie  over 
the  gland  are  flatter  than  their  neighbours.  The  volatile  oil  can 
be  readily  removed  by  alcohol. 

The  mode  ot  origin  oi  these  glands  ia  interesting,  especially  for 
the  purpose  of  comparisoa  with  resin  canals.  They  can  be  seen 
well  in  sections  of  yonng  growing  leaves  of  either  this  plant,  Euta 
graveotem,  or  of  another  nearly -related  plant,  the  Dittany  (Dio- 
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tamntM  Fraadnella).  It  will  be  readily  seen  that  the  glanii  is 
lysie^enona  in  oriffin ;  that  ia,  arises  from  the  hreahing  down  of 
cells,  instead  of  from  their  separation.  This  brenking  down  com- 
mences at  the  centre  of  the  mass  of  gland-cells.     See  Fig.  62*. 

Surface- sections  at  the  base  of  the  common  leaf-stalk  [petiole] 
show  the  epidermis  elonsated,  and  interrupted  alike  on  the  npper 
and  nnder  surface  by  stomata.  Oil  glands  are  not  wanting. 
Under  the  epidermis  lies  a  layer  of  elongated,  collenchymatoas 
cells,  and  then  follows  the  chlorophyll-containing  tissue.  In  cross- 
seiition,  the  epidermis  is  seen  to  be  thickened  on  its  outer  side, 
then  follows  the  single  layer  of  thickened  collenchymatous  cells, 
_  this   layer  being  wanting  only 

under  the  stomnta.  The  two 
or  three  layers  of  palisade- like, 
elongated,  green  cells  are  toler- 
ably similarly  developed  all 
round  the  stalk,  but  are  looser 
on  the  under  side.  To  these 
follow  rounded  cells,  the  outer 
green,  the  inner  colourless,  and 
which  get  lai^er  more  intern- 
ally. In  this  inner  cylinder  of 
colourless  cells  run  the  fibro- 
vasal  bundles,  the  strongest  in 
the  vertical  median  plane,  and 
nearer  to  the  nnder  side  ;  the 
othera  on  either  side  of  the 
„      „„,    „„      ,      ^  ,      .^  large   one,    and   each   with   its 

[Fib,  82*.— Oil^cavity   below  tha   npper  °  ' 

■nrtsoBofthelBarof  WclamnMPraHnsllo.       Wood     portion    turned     towards 

oi^J'J^^l'ceZ'ZyTXh^^i^X^^'  '^^  '^'"'*''^  "^  ^'^^  leaf-stalt. 
noljetbrokenilOHiii  C,  uiaenrsHiftMiO,  a  The  larger  of  these  fibrO-7asal 
lacgB  drop  of  oil.    (x  320,  after  SftohB.l]  , ,,  _         -.a  j.i_    ■ 

bundles  are  provided  on  their 
external  side  with  a  string  of  solerenchyma  fibres.  The  activity  of 
the  cambium  has  also  apparently  lasted  longer  in  these  bundles, 
and  it  has  cut  oft  inwardly  secondary  wood,  and  outwardly  se- 
condary, thin-walled  bast.  Only  in  the  inner  part  of  the  bundle 
do  we  see  latter  vessels  ;  in  the  outer  portion  of  the  wood  are 
only  tracheidea  with  bordered  pits. 

As  a  second  object  for  investigation,  we  choose  the  leaves  of 
Fagm  sytvalica  [the  Beech].  On  account  of  the  small  thickness  of 
the  leaf,  a  thin  section  is  here  less  easy  to  obtain.     It  will  be  well 
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to  place  str&iglit  narrow  strips  of  the  leaf  between  tlie  two  pieces 
of  elder-pith  [or,  to  pack  together  eeveral  of  each  strips,  and  then 
place  them  between  the  pieces  of  pith].  Only  the  epidermis  of  the 
under  side  has  stomata.  Adjoining  the  epidermis  of  the  upper  side 
(ep,  rig.  63),  in  somewhat  radiating  groups  of  pells,  is  a  layer  of 
elongated  palisade  cells  (pi).  These  palisade  cells  are  more  or  less 
completely  separated  from  one  another  by  intercellular  spaces. 
At  their  lower  ends  they  bend  together  into  bunches,  and  to  eacb 
bnnch  is  joined  one  or  several  funnel -shaped,  broadened  cells  of 
the  spongy  parenchyma  (sp').  These  latter  are  bound  together 
with  the  elongated  cells  of  the  spongy  parenchyma  into  a  loose 
network,  which  extends  to  the  epidermis  of  the  nnder  side  (ep"). 


Single  cells,  devoid  of  chlorophyll,  bat  with  a  cluster-crystal  (i'), 
are  interposed  in  the  spongy  parenchyma.  The  chief  veins,  and' 
the  lateral  veins  of  the  first  order,  project  strongly  from  the  nnder 
aarface  of  the  leaf  in  the  form  of  ribs.  The  projecting  part  is 
about  as  thick  again  as  the  other  parts  of  the  leaf.  The  fibro- 
vasal  bundle  has  its  course  in  the  projecting  rib.  This  latter  is 
covered  with  elongated  epidermal  cells,  to  which  follow  elongated 
collenchymatous  cells.  To  these  adjoin  cells,  each  of  which 
contains  a  simple  crystal ;  and  then  follow  the  multilamellar 
Bclerenchy ma- fibres,  which  ensheath  the  whole  bundle.  On  the 
upper  side,  the  palisade  layer  is  interrupted  at  a  nairow  part  over 
the  fibro-vasal  bnndle,  and  is  replaced  by  collenchyma,  to  which 
a  narrow  strip  of  elongated  epidermal  cells  follows  (cf.  also  at  ep"'). 
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A  layer  of  oMorophyll -containing  cells  surrounds  the  sclerenchyma 
sheath,  and  to  these  the  cells  of  the  spongy  parenchyma  join  on. 
^The  ribs  i-epresent  the  mechanic-al  system  of  the  leaves,  which 
most  be  constructed  firm  against  flesure. 

The  ribs  may  again  be,  as  far  as  the  mechanical  development 
is  concerned,  likened  to  girders.  The  girders  are  arranged 
symmetrically  with  regard  to  the  surface  of  the  leaf,  the  plane 
of  the  girder  being  perpendicular  to  this  snrface.  The  npper 
side  of  the  leaf  is  "  stayed "  especially  (gainst  traction,  the 
under  side  against  compression.  The  girders  in  this  case  are 
arranged,  in  each  rib,  in  the  form  of  an  I,  the  fibro-vasal  bundle 
forming  the  "  filling,"  The  mechanical  capacity  of  the  under  part 
of  the  girder,  constructed  against  corapressiMi,  is  heightened  by 
its  removal  aa  deeply  aa  possible  ont  beyond  the  under  surface  oE 
the  leaf  into  the  projecting  rib  of  the  leaf.  By  means  of  the 
veins  the  leaf-blade  is  tightly  expanded,  and  attains  thoi'eby  the 
necessary  firmness  to  protect  it  from  tearing.' 

Smaller  fibro-vasal  bundles,  as  those  of  the  figure  (63),  are  pro- 
tected on  the  npper  and  under  side  only  by  some  scleronchyma 
fibres.  The  ultimate  branchlets  of  the  veins  are  devoid  of 
sclerenchymatons  cover,  and  directly  surrounded  in  their  whole 
circuit  by  the  sheath  of  parenchyma.  The  smaller  fibro-vasal 
bandies  are  accompanied  on  wood  and  bast  sides  by  the  crystal- 
logenons  cells  (k).  Above  and  under  them  the  epidermal  cells  are 
somewhat  elongated,  and  form  shallow,  depressed  streaks.  From  the 
epidermal  cells  upon  the  veins  arise  long  hairs,  like  sclerenchyma 
fibres,  which,  however,  in  the  fnlly- developed  leaves  are  mostly 
thrown  ofE. 

It  can,  without  difficulty,  be  determined  that  the  leaves  of  the 
beech  have  grown  especially  thick  in  sunny  places,  and  are  so 
Sinch  the  thinner  in  deeper  shade.-  This  increase  in  thickness,  as 
microscopical  investigation  shows,  affects  the  palisade  parenchyma, 
which  can  become  very  considerably  elongated  and  multilamellar. 
The  palisade  parenchyma  is  indeed  a  tissue  specially  adapted  fur 
strong  light- intensity,  while  the  spongy  parenchyma  is  suited  for 
slight  intensity.  In  the  palisade-cells  we  see  the  chlorophyll- 
grains  only  in  proSle,  i.e.,  distributed  over  the  elongated  side- walls, 
and  therefore,  according  to  the  intensity  of  the  illumination,  only 
projecting  somewhat  more  or  less  into  the  cavity  of  the  cell.  In 
the  spongy  parenchyma,  on  the  other  hand,  the  chlorophyll -grains, 
according  to  the   intensity  of  the  illumination,  show  surface  or. 
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profile  airangement,  i.e.,  lie  parallel  or.  perpendicular  to  the  upjtet 
Borfftce  of  the  leaf.  The  chlorophyll-grains  in  the  palisade  layer 
are  first  affected  by  the  ann'a  rays  ;  while  the  spongy  parenchyma 
<Hily  receires  the  lighb  weakened  by  absorption  in  the  palisade- 
cells.  This  disadvantage  is  partially  equalized  by  the  surface 
arrangement  possible  ic  the  spongy  parenchyma.  If,  however, 
the  intensity  of  the  illamination  is  too  great  for  the  spongy 
parenchyma,  its  chlorophyll-graina  assume  the  arrangement  in  pro- 
file.  In  the  Beech  leaves  which  are  developed  in  the  most  intense 
san-light,  almost  the  whole  green  tissue  is  formed  of  palisade 
parenchyma,  while  the  leaves,  somewhere  about  a  third  their 
tliickneas,  which  hkve  grown  in  deep  shade,  have  well-nigh  only 
spongy  parenchyma. 

In  connection  with  these  morpholc^ical  studies  we  will  enter 
into  a  few  more  physiological  conceptions,^  and  teat  their  accuracy 
by  means  of  the  above  microscopical  structnre. 

In  ceHain  coloured  chromatophoies,  and,  indeed,  in  the  more 
highly  organized  plants,  always  in  the  green- coloured  chlorophyll- 
bodies,  the  assimilation  of  carbonic  acid  takes  place.  Therefore 
these  coloured  plasma-bodies  only  are  capable,  in  light  of  sufiGcient 
intensity,  of  decomposing  carbonic  acid  gas  and  water,  and  out  of 
them  constructing  combinations  rich  in  carbon.  This  process 
takes  place  to  by  far  the  lai^est  extent  in  the  palisade-cells,  and 
these  can,  thei'efore,  be  physiologically  designated,  as  in  the  highest 
degree,  the  asBimilating  cells.  The  paliaade -cells  are  further,  as 
we  have  already  seen,  laterally,  more  or  less  completely  separated 
from  one  another,  and  come  together  internally  into  bundles. 
The  assimilated  materials,  therefore,  are  not  passed  laterally  from 
cell  to  cell,  but  rather  make  their  way  into  the  interior  of  the 
leaf.  Here  the  bundles  of  palisade-cells  join  on  to  cells  of  the 
spongy  parenchyma,  which  often,  at  the  point  of  junction,  are 
broadened  into  a  funnel  form  (sp',  Tigs.  62  and  63),  and  their 
function  can  therefore  be  that  of  receiving  or  collecting  celU. 
The  spongy  parenchyma- eel  Is  which  follow  these  (sp",  Figs.  62  and 
63)  may,  from  the  same  point  of  view,  be  designated  CondTlctillg 
ceils.  Tiie  spongy  parenchyma  further  contains  air-cavities, 
which  are  in  eommnnication  with  the  air-chambers  of  the  stonjata ; 
it  is,  therefore,  also  a  "  ventilatLng  tissue  "  [perhaps  preferably  an 
aSrating  tissue].  It  is  also  a  transpirattoii-tissne,  since  from  the 
enrfaco  of  its  cells  especially  copious  evaporation  takes  place  into 
the  intercellnlar  spaces.      Lastly,  the  collecting  and  conducting 
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tissue  is,  by  reasoa  of  its  ohloropliyll- contents,  also  an  assimilating 
tissue.  The  spongy  parenchyma  joins  on  to  the  parenchyma- 
sheath  of  the  fibro-vasal  bundle.  To  these  they  ultimately  lead 
the  assimilated  materials,  which  are  partially  condccted  in  the 
parenchyma- sheath  itself,  partly  in  the  bast  portion  of  the  fibro- 
vasal  bundle  ;  heuce  these  last  together  represent  the  conducting 
strings  or  conducting  bandies.  The  fibro-vasal  bundles  are,  how- 
ever, at  the  same  time  conducting'  strings  for  water,  which  flows 
iu  the  wood,  from  this  is  given  off  to  the  surrounding  tissue,  and  is 
collected  in  the  epidermis,  which,  in  part,  functionates  as  a  water- 
reservoir.  It  is  this  conducting  tissue  of  the  parenchyma- sheath 
around  the  fibro-vasal  handle  which,  as  nerve,  or  vein-paren- 
chyma,* together  with  the  strongly  thickened  "mechanical"  cells, 
promoting  fi.rmre8S,  forms  the  tissue  of  the  projecting  ribs  of  the 
loaf.  This  Vfin- parenchyma  is  continued  into  the  ground-tissue 
of  the  leaf-stalk,  which,  aa  we  have  seen  in  Ruta,  is  mainly 
composed  of  conducting  (to  or  fro)  and  mechanical  elements. 
Assimilating  cells  plt^  in  this  only  a  sabordinate  part. 

We  will  now  make  ourselves  acquainted  with  the  inner  structure 
of  a  petal,  and  also  avail  ourselves  of  this  favourable  opportunity 
to  learn  in  it  the  course  and  termination  of  the  fibi'O- vasal  bundles. 
The  petals  of  Vei-hascwni  nigrum  [the  Mullein]  readily  permit  us 
to  follow  tbe  branching  of  the  bundles,  and  their  ends,  and  to 
obtain  also  an  insight  into  the  structure  of  a  petal.  The  air 
which  clings  to  the  bright  yellow  petal  can  be  easily  removed  by 
tapping  on  the  cover-glass.  Alcohol  cannot  here  be  used,  as  it 
makes  the  structures  indistinct.  The  petal  viewed  in  water 
shows  a  delicate  epidermis  on  the  upper  and  under  side,  and 
fi-om  two  to  four  layers  of  spongy  parenchyma.  Only  two  layers 
are  found  at  the  edge,  from  which  the  thickness  of  the  leaf 
increases  till  it  reaches  four  layers.  The  strongest  fibro-vasal 
bundles,  aa  well  as  the  finest  branches,  reduced  to  spiral  vessels 
only,  are  covered  by  a,  layer  of  elongated  thin-walled  paren- 
chymatous cells.      This  parenchyma-sheath  closes  together  over 

*  Tt  'will  be  seen  that  tbiee  terms,  viz.,  rib,  vein,  and  nerve,  are  used  almost 
indiBcrimiiiatelf  by  botiiuicsl  terminal ogists  to  represent  tUe  same  tiling.  Tiie 
term  rib  is  correct  so  far  as  it  refers  to  the  mechanical  natiive  of  the  pttrts  in 
qnestiou,  acting  just  us  do  the  ribs  of  an  umbrella.  The  term  vem  is  correct  so 
far  as  i(  refers  Co  the  conductiog  (nater  aud  food)  function  of  the  Gbro-vaesl 
Lnndles  cootitiued  in  them.  How  far  the  term  ntrvt  may  be  looked  npon  as 
correct  in  its  iuipliciiitian  must  be  Ifft  to  the  future  to  solve ;  but  under  any 
circumstances,  it  muet  be  considered  far  inferior  in  ajipropriatenees  to  either  of 
the  other  Ino.     [Eo.l 
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the  ends  of  the  bundles.  In  the  cells  composing  it  protoplasmic 
movement  can  be  seen.  The  strongly- branched  cells  o£  the 
spongy  parenchyma  join  on  to  the  elements  of  this  parenchyma- 
sheath.  Very  instmctive  is  the  view  of  the  ends  of  the  fibro-'vasal 
bandies,  which  show  a  radiating  junction  of  the  cells  of  the  spongy 
parenchyma  with  the  sheath. 

The  petals  of  Papaver  Ithwat  [the  common  Poppy]  can  be  like- 
wise studied  without  further  preparation,  after  the  air  has  been 
removed  by  tapping  ou  the  cover-glass.  Besides  the  npper  and 
□nder  epidermis,  there  ia  here  present  only  one  layer  of  spongy 
parenchyma.  The  ends  of  the  flbro-vasal  hnndlea  are  never  free ; 
they  join,  on  the  contrary,  in  connected  arches  at  the  edges  of  the 
leaf.  In  their  entire  course  they  are  snrronnded  hy  a  nnilamellar 
parenchyma-sheath.  To  this  the  cells  of  the  spongy-parenchyma 
join  on  fi'om  both  sides. 


MOTES  TO  CHAPTEB  XV. 

I.  Compare  Haberlandt,  in  Eneylcl.  d.  Naiunciu.,  Eandb.  der  Bctanik.,  Bd. 
It.,  p.  614 ;  J-  von  Sachs,  Vorletungen  ilbtr  Pfianzen-Fhyiologie,  pp.  S9  et  Bei|. 

a.  Compare  herewith  EtiiM,  Jen.  ZeitKchr.f.  Natami.  Bd.  XVI.,  1883 ;  Ueber 
den  EinJL  da  tonnigen  oder  ichattigtn  Standortei  au/  die  Auibildting  der  Laiib- 
blSttrr.  (On  the  influence  ot  a  sunn;  or  shady  position  ou  the  davelopment  ol 
the  leaf.) 

it,  Comf  ai-e  herewith  Eaberlandt,  as  aboTB  (1),  p.  610. 
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CHAPTEE  XVI. 

THE  GEOWING  iPBX*  OP  THE  STEM.    DIFFERENTIATION  OF  THE 
TISSUES.      COUUSE  OP  THE  PIBBO-VASiL  BUNDLES. 

Material  "Wanted. 
Shoots  of  the  Mare'a-tail  {Hippuri*  valgai'ie).   Preah,  or  in  alcohol. 
Bads  of  a  Spindle-tree  (e.  g.,  Eaonymu*  japonicu$). 
Ends  of   the  field  "Horse-tail"  {Eiiuiaetam  amenta).    Fresh,  or  in 
alcohoL 

It  will  now  be  onr  task,  by  means  of  carefnlly-choBen  examples, 
to  becopie  acquainted  with  the  etraotare  of  the  growing  apex. 
Aa  the  first  example,  we  choose  a  phanerogamous  plant,  with  a 
very  Htrongly-developed  and  easily-prepared  "  growing  point,"  viz., 
Hippu/rie  vulgarig  [the  Mare's-tail].^  We  take  strong  shoots  for 
the  investigation.  From  these  we  cut  off  the  end  bad  about  \ 
inch  nnder  the  apex  of  the  stem,  and  first  remove  from  it  all  the 
lai^er  leaves.  We  then  liold  the  bud  with  the  point' downwards, 
fiat  between  the  thumb  and  index-finger,  and  endeavonr  to  obtain 
a  median  longitudinal  section  of  it.  For  this  purpose  the  razor  is 
passed  as  perpendicularly  as  possible  between  the  two  fingers  in 
question.  First  the  bad  is  halved.  Each  half  is  cut  up  snbse- 
quently  in  the  same  way.  Then  the  section  which  appears  most 
nearly  median  is  chosen,  and  in  case  it  does  not  yet  appear  thin 
enough,  it  is  again  halved,  and  so  on  until  a  sufficiently  thin  section 
is  obtained.  The  operation  will  at  first,  perhaps,  not  be  successful, 
yet  in  general  it  presents  no  insnpcrable  difficulty,  and  can,  at  any 
mte,  be  attempted.  If,  however,  the  difficulty  which  presents  itself 
cannot  be  overcome  by  the  beginner,  our  object  can  be  attained 
in  another  way.  Instead  of  between  the  fingers,  place  the  bud 
between  two  fiat  pieces  of  elder-pith,  and  draw  the  razor  between 

"  VarioHBlj  known  by  the  terms  "  growing  point,"  "pii-ncliiBi  vegetationU." 
and  "  vegetative  cone."  I  adopt  the  term  '■  growing  apes  "  as  n.t  ooca  correct, 
and  a  suitable  complement  to  the  expression  "  apiciil  growth,"  in  so  general 
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these.  The  correut  cutting  of  the  object  is  then,  it  is  tme,  left  more 
to  accident.*  Objects  which,  like  the  foregoing,  have  a  certain 
thickness  and  firmness,  can  he  also  clamped  between  the  ends  of 
two  pieces  of  elder-pith,  and  cut  horizontalljr,  together  with  these, 
aa  has  been  done  in  earlier  cases. 

From  the  Bections  thus  prepared  we  select  one  enfQciently 
median  for  examination ;  we  recognise  it  by  the  slendef,  regnlarly- 
formed  growing  apsx.  This  forms  the  leaves  in  whorls  or  circles 
of  many  members,  and  so  we  see  tbem  at  a  little  distance  from  the 
apex  as  isolated  protuberances  rising  symmetrically  from  the  peri- 
phery of  the  vegetative  cone.  Under  the  second  yonngest  whorl 
the  noiea  of  the  etem  begin  to  be  marked  as  horizontal  denser 
plates  [diaphragms]  of  tissue,  above  and  below  which,  in  the 
cortex  of  the  st«m,  proceed  the  air-passages.  These  air-passages, 
which  reach  from  one  nodal  diaphragm  to  the  other,  are  larger  in 
size  as  the  stem  increases  in  volume.  The  internodes  elongate 
very  rapidly  and  symmetrically,  and  in  the  same  proportion  their 
thickness  also  increases.  Under  somewhere  about  the  fourth 
youngest  leaf-whorl  begins  the  formation  of  vessels  in  the  stem. 
These  are  very  beautifully  seen  after  the  addition  of  a  little 
potash.  These  vessels  mn  along  the  long  axis  of  the  stem.  They 
appertain  to  a  fibro-vasal  bundle,  which  grows  acropetally,  and 
ends  above  with  some  annular  vessels.  In  the  tenth  to  tlie 
twelfth  nodes  are  the  vessels  first  visible  which  appertain  to  the 
leaves.  These  join  the  vessels  of  the  stem-bundle.  In  Hippurig, 
therefore,  we  have  to  do  with  a  single  fibro-vasal  bundle,  belong- 
ing to  the  stem,  and  therefore  a  "  canline  "  bundle,  with  which  are 

*  Another  method  is  as  foUowe :— Cnt  the  tiid  bj  t,s  near  aa  possible  n  me- 
dian cut  into  tva  halves  ;  pla«e  the  halves  in  water  or  alcohol,  as  the  case  ntnj 
be.  Exaiiiiiie  tbe  cut  suifacea,  and  juilge  b;  the  regu'arity  oC  the  shape  which 
one  includes  the  actual  growing  apex,  or,  if  it  be  a  Inrge  apex,  Ihe  most  central 
parte  of  it.  Select  this  hall ;  stick  a  needle  in  a  bolder  through  it,  well  outside 
the  median  line,  at  r^fat-sngtea  to  the  length  of  the  holE,  so  that  the  cut  Eurlace 
of  the  half  shall  be  in  a  plane  pnrallel  with  the  plane  of  the  needle,  and,  when 
upwards,  ehall  have  the  actual  apex  to  the  ri);hthnnd.  With  the  left  hand 
gniap  the  needle-holder  between  thumb  and  other  fingers,  but  extending  the 
index  finger  straight  out,  and  flat,  so  that  the  curved  aide  of  the  half-bud  lies 
on  and  across  tbe  finger,  and  about  n  tliild  or  half  an  inch  from  ita  end.  II 
the  needle  be  lightly  pressed  upon  the  finger,  the  flesh  will  yield  a  little,  and 
the  object  vill  siuk  in  and  be  held  somenhat  firmly,  while  at  the  same  time 
the  raised  part  of  the  finger  heyond  the  object  will  serve  as  a  good  support  [or 
the  blade  of  the  razor.  Holding  the  razor -blade  as  fiat  as  possible,  t.ike  section 
after  nectioTi,  quite  clennly,  until  yon  consider  that  you  have  fully  passed  the 
central  portion  of  the  bud.  If  in  doubt  aa  to  which  half-bud  contains  the 
actual  apex,  both  halves  con  be  treated  in  the  saQie  way.  The  proper  ceutrol 
section  must  then  be  selected  under  a  low  power.  Probably  more  than  one 
section  nill  be  suitable.     [En.] 
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articulated  the  fibro-vasa!  bundles  appertaining  to  the  leaves— 
tbe  "  foliar  "  bundles.  In  the  axils  of  the  leaves,  at  a  short  dis- 
tance from  the  apes,  smEilf  flat  protuberances  begin  to  be  raised, 
which  are  the  commencement  of  fan-like  scales  each  borne  upon  a 
short  stalk-cell.  Only  in  specimena  in  course  of  flower-production 
do  we  here  meet  with  the  commencing  formation  of  axillary 
bndg. — In  order  to  become  more  closely  acquainted  with  the  struc- 
ture of  the  growing  apex,  we  select  a  good  median  longitudinal 
section,  and  treat  it  with  Eau  de  Javelle  (Potassium  hyposulphite). 
Gas-bubbles  soon  begin  to  escape  from  the  preparation.  The  action 
m.nat  last  shorter  or  longer  according  to  circumstances.  The  most 
beautiful  i-esults  are  obtained  with  alcohol  material.  The  Eau  de 
Javelle  dissolves  out  the  cell -contents,  while  the  cell-walls  stand 
out  sharply.  The  series  of  cells  are  then  easy  to  follow.  As  soon 
as  the  necessary  degi'ee  oE  transparency  is  attained,  the  prepara- 
tion must  be  washed  with  water.  If  the  section  has  become  too 
transparent,  it  can  be  partially  restored  by  treatment  wifli  a  solu- 
tion of  alum,  or  with  alcohol.  If  grains  of  calcium,  which  are 
separated  out,  should  cling  to  the  preparation,  dilute  acetic  acid 
should  be  allowed  to  run  in,  in  order  to  remove  them.  The  washed 
preparation  can  be  preserved  in  glycerine,  but  must  be  first  laid 
in  very  dilute  glycerine,  and  this  concentrated  slowly  in  air.  In 
other  cases,  just  as  in  this,  Eau  de  Javelle  can  be  nsed  when  it  is 
desired  to  dissolve  the  cell-contenta,  and  thus  mate  the  cell-walls 
proniinent.  Cnticularized  cell-walls,  after  some  time,  are  attacked 
by  Eau  de  Javelle.  If  the  cells  are  very  rich  in  reserve  oily 
materials,  the  Eau  de  Javelle  offers  few  advantages."  If  Ea»  de 
JaveUe  is  not  at  our  disposal,  then  treat  the  section  with  concen- 
trated potash  solution,  wash  it  out,  and  lay  it  in  concentrated 
acetic  acid.  After  some  time  we  examine  it  either  in  acetic  acid 
or  in  acetate  of  potash.  It  is  an  advant^e  not  to  place  the 
section  directly  upon  the  object-slide,  but  to  lay  it  upon  a  cover- 
glass  placed  upon  this,  and  to  cover  it  with  a  second  cover- 
glass.  We  can  then,  if  needed,  turn  over  the  section  together 
with  the  cover-glasses,  and  so  examine  it  on  both  sides ;  we  must, 
therefore,  take  care  that  no  finid  gets  between  the  under  cover- 
glass  and  the  object- elide. 

With  pretty  strong  magnification,  we  settle,  in  the  first  place 

(compare  Fig.  64),  that  there  is  a  thoroughly  definite  arrangement 

of  the  cells  in  the  "meristem"  of  the  growing  apex.     There  are 

cap-like  layers  of  cells,  the  separating  walls  of  which  form  a  series 

■  See  uote  ou  page  183. 
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of  confocal  parabolse.     The  outermost  layer  of  cells,  passing  also 
over  the  rndimentary  leaves,  is  the  initial  layer  of  the  epidermis 
— the  Deimatosen  (d).     "Under  this  lie  four  or  more  andifferen- 
tiated  layers  of  cells  (meriatem  Isyers),  which  appertain  to  the 
Periblem  (pr),  and  from  which,  the  cortex  of  the  stem  proceetlB. 
Lastly,  we  find  a  central  cylinder,  which  tapers  conically  upwards, 
ending  with  usually  one  cell,  and  out  of  which,  as  c»n  he  demon- 
strated lower  down  in  the  section,  the  axial  fibro-vasal  handle  of 
'the  stem  is  formed.     This  tissue  we  designate  the  Flerome  (pi). 
Epidermis,  cortex,  and  axial  fibro-vasal  bundle,  have  therefore 
in  Sippurig  their  own  special  "histogeiis"  or  liigtoj^iiic  layers. 
There  is  no  single  apical  cell,  thoogh  the  individnal  "hiatogens" 
of  the    apex   of    the   growing  point   may   t«rminate   in    one   or 
several  initial  cell*.     Not,  however,  in  all  the  growing  apices 
of  Phanei-ogams  is  the  sepa- 
ration of  the  "histogens  "  so 
sharply   marked  as  in    this 
case.    In  many  Gymnoaperma 
(Abietinete,  Cycads)  a  clear 
separation  between  dermato- 
gen  and  periblem  does  not 
exist,  and  often  the  periblem 
is  not   clearly   defined  from 
the  plerome.     In  the  Angio- 
s  perms    the    dermatc^en    is 
always  sharply  limited,  but 
often    there   is  no  limit  be- 
tween periblem  and  plerome. 

It  is  not  in  any  way  a  qnes-  j  fr 

tionof  a  differentiation  of  the        _      .,    ,_,,,.    ,      ..      ,.       ... 

Fia.  ni.— Longilniliiinl  socticn  through  the 
tissues     which    is    continued       growing  spei  ol  m,f<i.Tit  lulgurig.  d.  deniutto- 

into  the  meristem  of  the  ^"i^'';^;tt™ix''^r™''^' '"'"'"'"'^ 
growing  apex,  but  rather  of 

the  mechanical  arrangement  of  the  cell-walls,  which  give  to  the 
young  tissnes  the  necessary  firmness.  Very  clearly  marked  in 
this  arrangement  is  the  rectangular  junction  of  the  anticlinal 
walls,  i.e.,  those  running  perpendicnlai'ly  to  the  surface  of  the 
apex,  and  of  the  periclinal,  i.e.,  those  parallel  to  that  sarface.^  For 
all  that,  we  can  retain  the  terms  dermatogen,  periblem,  and  ple- 
rome, because  the  arrangement  of  the  layers  of  cells,  as  we  have 
observed  it  in  Rippuria,  frequently  recurs  in  the  growing  apex 
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of  Pbanerogama.  These  terms  can  be  therefore  convenientlj  ttsed 
for  denotiog  definite  re^ons'of  the  growing  apex.  From  the' 
dermatogen,  in  fact,  amongst  AngioBperme,  if  vre  exclnde  th& 
very  few  exceptions,  proceeds  only  tho  epidermis.  The  fibro-vasal 
eystem  is,  however,  not  always  traceable  in  its  origin  to  the  ple- 
rome,  but  often  to  the  periblem  also.  In  the  earliest  radimeuta  of 
leaves  we  see  first  in  the  outermost  layer  of  the  periblem  pericH- 
nal  divisions  set  up  (at_f),  then  follow  anticlinal.  The  dermato- 
gen in  the  places  of  protuberance  remains  nnilamellar ;  it  divides 
only  flnticlinally.  In  the  same  way  in  the  development  of  huda 
periclinal  and  anticlinal  divisions  take  place  in  the  outer  periblem 
layer,  and  anticlinal  only  in  the  dermatogen. 

We  will  now  investigate  a  flat  growing  apex,  as  it  occnra  in 
most  Phanerogams.  As  an  example,  we  may  take  Ewmymus 
japonicm^  [the  Japanese  Spindle-tree],  onltivated  as  an  orna- 
mental shmb  in  many  gardens,  which  can  be  examined  at  any 
time  of  the  year,  and  the  bnds  of  which  cut  very  well.  We  first 
prepare  cross-sections,  in  order  to  obtain  a  surface  view  of  the 
growing  apex.  Treat  the  sections  in  this  case  as  we  have  done 
with  Bippurii.  With  weak  magnification  we  recognise  the 
growing  apex  aa  a  flat  hnmp,  surronnded  by  the  yonngest  leaf 
protuberances.  These  stand  in  two-membered,  alternating 
whorls,  and  therefore  decoSBats  ["  opposite  decussate "],  as  we 
are  wont  to  say.  Every  new  pair  of  leaves  starts,  after  con- 
siderable entailment  of  the  growing  apex,  in  the  gaps  present 
between  the  preceding  pair  of  leaves  (Fig.  65  A).  With  suitable 
magnification,  it  is  hei^e  exceedingly  easy  to  follow  the  arrange- 
ment of  cells  at  the  apex.  Fig.  65  B  presents  snch  a  figure ;  an 
apical  cell  is  therefore  not  present.  Cross- sections  taken  close 
under  the  apex  show  us  a  rapidly  initiated  differentiation  of  the 
tissue  into  primaiy  pith,  into  procamhinm,  which  will  form  the 
fibro-vasal  bundles,  and  into  primary  cortex.  The  zone  of  pro- 
cambium  shows  in  the  cross- section  a  rhombic  figure,  with  some- 
what projecting  and  rounded  angles.  The  procambium  consigts 
of  thin-walled,  narrow,  radially-arranged  cells.  At  the  angles 
begins  the  formation  of  tho  elements  of  the  fibro-vasal  bundles ; 
protophloem  elements  at  tho  outer,  spiral  votiscls  at  tho  inner, 
side  of  the  zone.  This  region  of  commencing  difi'crcntiation  of 
the  elements  of  the  fibro-vaaal  bundles  is  not  defined  towards 
the  ixist  of  the  procambium  tissue.  Tho  procambium  zone  opens 
at  tho  places  where  tho  foliar  bundles  enter,  in  order  to  admit 
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them.  In  the  axil  of  each  of  the  young  leaves  we  can  see  the 
rttdiments  of  an  axillary  bud.  The  foi-m  of  Fig.  65  C  is  shown. 
bj  median  longitudinal  eections,  with  weak  magnification.  The 
flat  growing  apex,  the  mdimentary  leaves,  increasing  in  size, 
the  axillary  bods  {g),  the  differentiation  of  the  primary  pith 
(m),  the  procainbiitm   zone    (yc),  the   fibro-vasal  bundles,  com** 
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mon  to  both  leaves  and  stem  [the  so-called  leaf-traces]  (p/), 
and  the  primary  cortex  (c),  are  to  be  seen  at  a  glance.  Pith 
and  cortex  contain  great  quantities  of  cl  aster-cry  stale  of  oxalate 
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of  lime.  In  frost  aections  examined  in  water,  tlie  pith  and 
cortex  appear  ^eenisb,  irhile  the  procambinm-zone  appeara  clear. 
In  order  to  follow  the  arrangement  of  the  cells  at  the  growing 
apes,  we  again  use  potash  and  acetic  acid.  Ontennost  on  the 
growing  aper  we  find  the  nnilamellar  dermatf^en  (Fig.  65,  B,  d); 
nnder  that  three  casing  layers,  which  we  have  to  designate  as 
Periblem  (pr)  ;  and  then  the  central  solid  cylinder  of  tissue, 
which  is  not  eTCiywhere  sharply  defined  towards  the  periblem, 
the  plerome  (pi)'  The  growing  apex  appears  very  narrow 
between  the  two  last  progressing  leaf- protuberances ;  it  is  as  a 
role  thus  to  be  seen.  On  the  other  hand  yon  have  often  to  cut 
for  a  long  time  before  the  section  passes  through  the  first  leaf- 
protnbe ranees.  If  you  are  successful  in  this,  the  form  presented 
is  that  of  Fig.  65  D.  The  growing  apex  appeara  then  mnch 
broader,  the  histogeii8j|or  histogenic  layers]  can  be  better  followed 
in  it.  The  formation  of  the  leaves  is  initiated  by  periclinal 
divisions  in  the  two  outermost  layers  of  periblem  (at  /) ;  the 
dermatogen  remains  unilamellar,  Jnst  the  same  divisions  as  for 
the  commencement  of  the  leaves  take  place  in  the  axils  of  the 
third  youngest  pair  of  leaves,  for  the  formation  of  axillary  buds ; 
the  process  is  likewise  initiated  by  periclinal  divisions  in  the 
hypodermal  layers  of  cells.  It  can  be  determined  with  certainty 
that  the  dermatogen  produces  only  the  epidermis,  the  periblem 
the  cortex,  and  the  plerome  the  pith  of  the  stem.  Less  certain 
is  the  proof  that  the  procambiuna  ring  also  proceeds  from  the 
plerome.  That  the  formation  of  fibro-vasal  bundles  is  not  ex- 
clusively confined  to  the  plerome,  follows  of  necessity  from  the 
fact  that  the  part  of  the  fibixi-vasal  bundle  passing  into  the  leaf 
arises  inside  the  cortex,  and  therefore  out  of  periblem,  and  that 
the  entire  inner  tissue  of  the  leaf,  with  all  its  fibro-vasal  bundles, 
is  a  product  of  the  periblem. 

Wo  will  investigate  lastly  a  Vascular  Cryptogam,  growing  by 
means  of  an  apical  cell,  as  distinguished  from  the  preceding  cases 
in  which  growth  takes  place  by  an  apical  meristem,  and  choose 
as  the  most  favourable  object  Equiietwm.  arvense  [the  common  field 
"  Horse-tail  "  ]  ■•.  It  is  here  comparatively  easy  to  bring  into  view 
the  apical  cell.  Shoots  in  course  of  development  are  studied 
either  fresh  or  by  alcohol  material.  Wo  remove  from  the  apex 
of  tho  stem  a  piece  about  ^  inch  long,  op  rather  more,  and  cnt  it, 
aa  in  tho  above  cases,  between  tho  fingers,  with  the  apex  down- 
wards [or  by  the  ncodlo  method  described  above]. 
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Amonj^xt  the  longitudinal  sections  prodnced  we  loot  for  one 
which  shows  the  conical  growii^  apex  intact.  In  order  to 
obtain  an  insight  into  the  arrangenient  of  the  cells  of  this  apex, 
it  IB  osaally  necessary  to  make  them  more  transparent.  This  ' 
may  be  effected,  in  this  case  also,  with  Eau  de  Javelle,  or  else 
by  the  addition  of  a  little  potash.  Should  this  latter  act  too 
strongly,  and  have  "  cleared  "  the  growing  apex,  nntil  its  cell- 
walls  become  nnrecognisable,  we  can  remedy  the  evil  by  a  snitable 
addition  of  water.  In  fresh  sections  we  mnat  avoid  the  use  of 
any  water- withdrawing  medium,  as  otherwise  the  growing  apex 


will  collapse.  Sections  of  alcohol-material  can,  on  the  other  hand, 
be  laid  in  glycerine  direct,  bat  not  after  previous  sojourn  in 
water.  Sections  treated  with  Eav,  de  Javelle  cannot  be  placed  at 
once  into  concentrated  glycerine,  but  must  be  placed  in  very 
dilute  glycerine,  which  is  allowed  to  concentrate  by  standing  in 
the  air.  Sections  made  transparent  with  potash  can  be  neu- 
tralized with  acetic  acid,  and  preserved  in  acetate  of  potash.  As 
it  is  here  of  special  importance  to  be  able  alternately  to  view  the 
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section  from  its  two  sides,  we  lay  it,  as  we  have  already  done  in 
the  case  of  the  gi-owing  apex  of  Sippuris,  between  two  cover- 
glasses. 

If  the  growing  apex  is  out  in  the  proper  direction,  it  presents 
its  apical  cell,  a  three-sided  pyramid  upon  a  conrex  base,  in  the 
form  of  a  wedge,  the  apex  of  which  is  sank  in  the  tissue  of  the 
growing  point,  and  its  base  is  arched  free  towards  the  exterior. 
This  apical-cell  divides  by  means  of  partition  walls,  which  are 
parallel  to  the  existing  side-walls,  follow  one  another  in  spiral 
sequence,  and  form  segments  arranged  in  three  straight  rows. 
These  segments  (8)  are  shown  in  profile  in  our  figure  66.  They 
further  divide  up  in  definite  fashion,  and  so  gradually  constmct 
the  body  of  the  plant.  [The  adjoining  Fig.  66*,  taken  from 
Nngeli  and  Schwendener'e  Bas  Mihroslop,  will  help  to  further 
elucidate  this  process.  A  shows  a  median  longitndinal  section  of 
the  apex  of  an  Equiselum  stem,  which  corresponds  pretty  closely 


with  that  in  the  text,  the  figures  1,  2,  etc.,  showing  the  order  of 
priority  of  the  original  dividing  walls,  cutting  off  segments  from 
the  apical  cell.  As  this  cell  is  three-sided  (besides  its  base), 
every  third  wall  is  not  shown  iu  the  longitudinal  section ;  in  this 
case  walls  3  and  6  are  omitted  from  the  figure.  B  gives  a  dia- 
grammatic view  from  above  of  the  three-sided  apical  cell,  showing 
the  order  of  formation  of  the  primary  dividing  walls,  1,  2,  etc. 
In  both  figures  the  lighter  lines  are  intended  to  show  the  subse- 
quent divisions  of  the  primal?  segments.]  At  some  distance 
from  the  apical  cell,  a  "bank"  is  raised  upon  the  growing  apex, 
which  grows  at  its  edge  with  wedge-shaped  initial  cells.  Certain 
parts  of  this  edge,  later  on,  get  in  advance  in  their  development, 
and  form  the  free  leaf -apices  ["  teelh "]  of  the,  lower  down, 
connate  whorl  of  leaves  ["  leaf-sheath  "].     The  further  removed 
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from  tbe  apical  cell,  so  much  the  greater  are  the  young  leat- 
whorla ;    aimuItaneOTisly    progresses    the    difEerentiation    of   the 


1,  especially  the  separation  'into  denser, 
and  less  dense,  elongated-celled.  Ion" 
First  the  larger-celled  pith    begins    to 


inner  tissue  of  the 
small-celled,  thin  not 
intemodes  (Fig.  67). 
sepamte  out  in  the 
middle  of  the  stem. 
In  the  fifth  internodr, 
counted  from  above 
(in  the  figure),  the 
first  annular  vessel  a 
become  visible  in  the 
procamhium  strings, 
at  the  outer  limits  of 
the  pith,  and  can  bo 
traced  Ivoia  here  into 
the  next  higher  com- 
mencement of  the 
leaf-whorl.  Each  in. 
dividual  fibro  -  vasal 
bundle  is  here  com- 
mon to  stem  and  leaf, 
and  is  therefore  de- 
signated as  leaf-trace. 
In  each  internode  just 
eo  ma.ny  fibro- vasal 
bundles  run  outwards, 
as  leaves  are  repre- 
sented in  the  leaf- 
whorl.  The  leaf, 
traces,  lying  at .  first 
separated  from  one 
another,  are,  in  about 
Ihe  node  underlying 
the  seventh  inter- 
node from  the  apex, 
connected  by  side 
branches,  whereby  a 
complete  fibro- vasal  system  is  formed.  Approximately  in  the  tenth 
internode  the  pith  begins  to  become  hollow,  through  the  breaking 
apart  oE  its  cells.     In  the  node,  on  the  other  hand,  the  pith-colls 


loy  Google 


OF  EQUISETUH,  180 

undergo  a  corresponding  angmentation,  and  remain  in  union. — The 
lateral  bade  are  initiated  by  single  ceils  in  the  axils  of  the  leaf- 
whorl  [leaf -sheath].  They  stand  in  whorls,  and,  as  examination 
of  the  mature  condition  shows,  alternate  in  position  with  the 
free  leaf-teeth  of  its  leaf-sheath,  the  tissne  of  which  they  finally 
break  through  at  the  base,  in  order  to  come  onteide.  The  longi' 
tudinal  section,  therefoi-e,  shows  the  somewhat  larger  buds,  grown 
into  the  tissue  of  the  leaf-whorl,  lying  close  over  the  surface 
of  the  st«ra.  At  about  the  seventh  node,  the  buds  are  ao  far 
developed  that  they  already  possess  several  embryonic  leaf-whorls. 
Their  growing  apices  can,  with  care,  be  used  for  the  study  of  the 
apical- cell. 

Amongst  the  Vascular  Cryptogams,  the  Equisetace»  and  Ophio- 
glossesB  possess  only  collateral  flbio-vasal  bnndles,  as  we  can 
prove  readily  enough  by  means  of  cross- sections  through  an  older 
intemode  of  EqwUetum.  arvease.  The  fibro-vasal  bundles  are 
arranged  in  a  single  ring  aronnd  the  hollow  pith.  In  the  wood 
portion,  placed  internally,  of  each  fibro- vasal  bundle,  will  be  noticed 
an  intercellular  passage,  the  carina!  canal ;  the  thin-walled  bast, 
placed  externally,  is  environed  on  its  sides  by  the  annular  and 
reticulated  vessels  of  the  wood.  An  endodermis  surrounds  the 
entire  ring  of  fibi-o- vasal  bundles.  In  the  thick  cortex,  alternating 
with  the  fihro-vasal  bundles,  will  be  specially  noticed  broad  inter, 
cellular  passages,  the  Vallecular  canals.  If  we  count  the  free  leaf- 
teeth  in  the  next  higher  leaf-whorl,  we  find  that  the  number  of 
the  fibro-vasal  bundles  corresponds  with  this  nnmber. — In  order 
to,  obtain  information  upon  the  course  of  the  fibro-vasal  bundles, 
we  now  prepare  successive  cross- sections,  so  long  as  to  have  passed 
out  of  one  intemode  through  the  node  into  the  next  internode. 
We  cau  use  for  this  pnrpose  cither  fresh  or  alcohol  material ;  only 
it  is  advisable  that  we  use  the  youngest  possible  part  of  the  stem, 
as  older  parts  are  strongly  silicificd,  and  will  quickly  blunt  the 
razor.  In  order  to  pi-epare  the  sections  of  equal  thickness,  we 
can  make  nse  of  the  microtome  referred  to  on  page  63.  The 
sections  are  arranged  in  proper  order  upon  an  object-slide,  and 
can  be  made  more  transparent  by  means  of  potash.  A  close 
compai'ison  of  these  successive  sectioas  enables  us  to  prepare  a 
scheme  of  the  whole  course  of  the  fibro-vasal  bundles,  as  in  the 
adjoining  Fig.  68,  in  which  we  have  cut  the  stem  open  along 
one  side,  unrolled  it,  and  projected  the  course  of  the  fibro-vasal 
bundles  on  the  surface  of  the  cylinder  thus  laid  open.     We  find 
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tLafc  each  of  tbe  <  fibro-Taaal  bundles  (a,  6,  or  c),  coming  down 
from  a  higher  mtemode,  divides  in  the  node  into  two  forks ;  and 
that  one  of  the  forks  from  each  of  two  adjoining  bundles  combines 
with  a  new  fibro-vasal  bundle,  which  here  enters  oat  of  the  leai- 
whorl  (thus  the  forks  from  a  with  b  and  b,  a  fork  from  each  of 
b  and  b  with  c).  If  the  fibro-vasal  bundles  of  the  lateral  buds 
are  already  formed,  the  figure  is  somewhat  complicated  by  them. 
Bach  lateral  bud  joins  (g)  the  rascnlar  system  of  the  parent  axis, 
with  two  fibro-vasal  bundles  (y),  and 
ilways  with  one  fibro-vasal  bundle 
on  to  each  of  the  two  forks  of  the 
next  higher  stem  bundle,  immediately 
after  this  divides  into  its  two  forked 
branches.  The  lateral  bads  alternate 
with  the  fibro-vasal  bundles  of  the 
leaf-whorl  which  conceals  them,  and 
correspond  in  their  position  with  the 
fibro-vasal  bundles  of  the  nest  higher 
and  next  lower  leaf-whorl.— It  follows 
from  our  observations  that  the  entire 
system  of  fibro-vasal  bandies  of  our 
stem  of  JSquisetum  is  commoiL ;  it  is 
formed  of  leaf-traces,  which  fork  at 
their  base  inside  the  node,  in  order 
to  join  there,  through  the  medium  of 
their  forks,  with  newly  entering  fibro- 
vasal  bundles.  That  the  leaf-traces 
combined  with  one  another  form  the 
entire  fibro-vasal  system,  is  every- 
where in  vascular  plants  the  most 
common  case  ;  we  will  therefore  limit 
our  studies  npon  the  course  of  the 
fibro-vasal  bundle  to  this  one  simplest 
possible  example. — In  the  investiga- 
tion of  a  more  complicated  case,  it 
is  necessary  to  arrange  the  successive 
sections  in  the  same  sequence  and  direction  on  the  object-slide, 
in  order  to  be  able  to  compare  them  more  readily.  This  last 
task  is  facilitated  if  one  side  of  the  stem  is  marked  by  a  shallow 
longitudinal  cut.  It  is  often  necessary  to  draw  the  successive 
sections,  in  order  to  bo   able  to  prove  the  displacement  of  the 
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individual  bundles.  Longitadinal  tangential  sectione,  made  trans- 
parent with  potash,  will  in  many  casea  lay  bare  at  once  the  entire 
couTBO  of  the  fibre- vasal  bundle. 


NOTES  TO  CHAPTER  XVL 

*  Sanio,  Bot.  Zeitunu,  186i,  p.  223.  NoCe  ",  1865,  p.  181.  De  Bury,  Com- 
parative Anatomy  (Engl,  tmns.),  p.  8 ;  L.  Kay,  Wandtufda,  UI.  Abth.,  p.  S3. 

'•  Noll,  Bolaa.  Ceutralblatt,  Bd.  XXI.,  1866,  p.  377. 
'  Saoha,  Arbfiien  dei  bot.  Inst,  in  lyuriburg,  Bd.  H.,  pp.  46  and  185. 
'  Hansteui,  Die  SchciltUellgruppe  im  Vfgetatioiiipunkt  der  Phanerogamen, 
p.  9.    Warmmg,  Secherckei  i.  I.  rami/,  d.  Fhanerogamei. 

*  Compare  Cramer,  Pfianiei'phytiol.  VnUri.  v.  Natgeli,  Heit  3,  p.  21, 
EeesB,  Jahrb.  f.  will.  Bot.,  Bd.  VI„  p.  209.  Sachs,  Text-Book  of  Botany 
(EnRlisb  translation  of  Ed.  IV.  by  Tines),  pp.  89B-102 ;  and  Go«bel,  GrutuUOge, 
p.  291.    Be  Bary,  GoiapaTatUe  Anatomy  (Engl,  tranelation},  pp.  18, 19. 


[NaU  to  page  172.2 
'  It  the  Btntctarea  contain  Etarcb  in  quantity,  the  sections  must  often  lie  for 
'  days  in  the  reagent  in  Older  to  diuolie  oat  the  grains 
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CHAPTER  XVII. 

Or-OWINQ  APEX  (TIP)  OF  THE  BOOT. 

Matebial  Wanted. 

Hoots  of  barley  (Iloideinn  vulgare),  grown  in  ft  flower-pot.     Fresli,  or 

in  alcohol. 
Roots  of  Thuja  (e.y.,  T.  occidentalU),  grown  in  a  flower-pot.     Fresh,  ■ 

or  ia  alcohol. 
Root  of  fern  (e.g.,  PlerU  eretica),  grown  in  a  flower-pot.     Fresh,  or 

in  alcohol. 

It  is  desii-able  now  to  become  acquainted  with  the  growing  apex 
(tip)  of  roots.  We  commence  with  Angioaperms.  The  stracture 
of  their  root-apex'  can  be  studied  with  comparative  ease  in  the 
GraminesB  [grasses].  They  provide  ns,  it  is  tme,  with  only  one 
of  the  possible  types  of  root-growth  amongst  Angiosperma,  bnfc 
still  one  widely  spread  and  instructive,  and  therefore  very  suited 
to  give  ns  an  insight  into  the  processes  in  question.  In  order  to 
obtain  favourable  material,  we  choose  plants  removed  with  care 
from,  flower-pots.  If  we  tnm  the  flower-pot  upside  down  so  that 
the  whole  contents  come  ont  bodily,  a  result  often  assisted  by 
tapping  the  flower-pot  lightly  on  its  rim,  the  root-apices  will  bo 
usually  found  free  in  the  exterior  of  the  mass  of  earth.  For 
careful  study  we  choose  the  common  barley,  Hordewm.  vulgare.  In 
order  to  get  general  information,  we  first  prepare  a  cross-section 
through  an  older  part  of  the  root.  In  the  middle  of  the  azitil 
flhro-vasal  cylinder  we  find  a  large  duct  or  vessel,  then  in  the 
periphery  of  it  about  eight  T^cnlar  rays  alternating  with  the 
same  number  of  portions  of  bast.  As,  however,  customary  in 
grasses,  the  vascular  rays  extend  to  the  endodermis,  and  therefore 
interrupt  the  pericambinm.  The  endodermis  shows  more  or  lesa 
clearly  the  dark  radial  shadings;  to  it  follows  the  pretty  thick 
cortex.  The  longitudinal  section  of  the  root-apex  we  prepare 
between  the    thumb    and    forefinger.      It   must    be   aufficieutly 
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median;  then  the  stmctare  is  plain,  even  without  the  nse  of 
reagents,  bnfc  here  also  Eau  de  Javelle  can  be  nfied  with  advantage 
(cf.  p.  172).  Above  all,  it  is  observable  that  the  body  of  the  root  is 
sharply  defined  from  the  root-cap.  We  can,  in  fact,  follow  a  line, 
which  in  prolonged  from  the  surface  of  the  epidermis,  continnously 


Cal^ptrogen;  e,  thickened  oular  wall 
irornei  «,  endudennii;  t,  laterosllnl 
m  ths  WDtnl  duM ;  r,  diwreaniisd  < 


rough  tha  ront-apeE  of  itordtum  mitfOTi, 
epidermiii  d,  dtrmatogen ';  pr.  periblemi  pi, 
•ORB  ailed  wlA  air !  ii.tutt  or  call*  *bicb  will 


over  tbe  apex,  between  the  body  of  the  root  and  the  root-cap  (cf. 
Fig.  69).  Still  the  denaatogen  doea  not  pass,  as  snch,  over  the 
apex,  but  it  must  rather  be  said  that  the  dermatogen  (d)  and  the 
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periblem  (pr)  of  the  flpor  come  together  in  common  initiill-celU. 
In  Fig.  6S  only  one  anch  common  initial  layer  is  present,  bnt  there 
may  be  Beveral.  The  dermatogeu,  as  such,  can  be  traced  np  to  this 
initial  layer ;  the  periblem  also,  but  one  cell  thick,  merges  vvith 
it.  The  pleromc,  nnder  this  common  derma togen- periblem  cap, 
is  crowned  by  a  few  initial  cells.  Externally  bounding  the  line 
which  separates  the  root-body  from  the  root-cap  are  the  initial 
cells  for  the  root-cap,  forming  a  layer  of  flattened  cells  which  ma^ 
be  designated  the  calyptrogen  (k).  The  cetia  from  the  calyptrogen 
are  given  off  oatwardly,  and,  as  the  reanlt  of  their  origin,  arranged 
in  straight  rows ;  at  first  flat,  they  soon  increase  in  height.  At 
the  apex  of  the  root-cap  they  become  ronnded ;  finally  separate 
from  one  another  and  become  disorganized  (r).  It  ia  a  peculiarity 
of  the  Graminece  that  their  dermatogen  is  atrongly  thickened  on 
the  onter  side  (o).  .  This  thickened  enter  wall  is  bright  white, 
swells  strongly,  and  appears  so  mnch  the  thicker  the  longer  the 
section  lies  in  water.  At  the  lateral  bonndariea  of  the  cells  we  aee 
highly  refractive  strite  pass  more  or  less  deeply  into  the  thickened 
onter  wall.  These  are  the  primary  walls  of  the  cells;  and  the 
older  they  are,  the  more  deeply  they  always  penetrate  into  the 
thickened  wall.  These  walla  clearly  show  lamination.  The 
periblem  has  rapidly  increased  the  number  of  its  layers  by 
periclinal  divisions.  Between  its  inner  cell-layers  intercellular 
passages  filled  with  air  qnickly  put  in  their  appearance,  as  is 
represented  in  our  figure  by  dark  lines  (e.g.,  at  i).  The  periblem 
forms  the  cortex,  the  innermost  layer  of  which  becomes  the 
endodermis. — The  pleromo  ends  conicaliy  in  a  group  of  initial-cells; 
two  such  initial  cells  can  be  seen  in  the  longitudinal  section  which 
we  have  represented.  The  plerome  forms  the  axial  fibro-vasal 
cylinder.  The  diffei'entiation  of  the  large  central  duct  or  vessel 
in  this  laat  can  be  traced  from  the  initial  group.  The  cells  from 
which  thia  duct  will  be  developed  are  distinguished  by  thrir 
greater  breadth  (a).  The  elements  set  apart  for  the  smaller 
vessela  are  firat  distinguishable  mnch  later. 

The  roots  of  Gymnoaperms^  show,  in  many  respects,  a  peculiar 
organization  in  the  meriatem  of  their  growing  apex.  We  will 
study  more  closely  Thuja  oecidentalis  The  cross-section  through 
a  f  ally-developed  root  I'esembles  the  already-known  crosa-section 
of  the  root  of  Taxws  baecata  [the  Yew],  excepting  that  the  roots  of 
Thuja  are  usually  tetiarch  i.e.,  have  four  primary  ligneone  rays, 
or  bundles.       The  median  longitudinal  section  through  the  apex 
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of  the  root  shows  a  sharply-limited  plerome  cylinder,  which 
terminates  in  a  few  initial  cells,  and  is  snironnded  by  a  covering 
of  periblem,  some  twelve  to  fourteen  cell-layers  thick.  This  last 
passes  over  the  apei,  and  forma  there  its  terminal  initial  layei-s  of 
eight  to  ten  inner  rows  of  cells,  while  the  outer  rowa  paaa  over 
into  irregnlarly  arranged,  comparatively  large  cells.  These  lai^e 
cells  extend  to  the  apex  of  the  root-cap,  where  they  ultimately  lose 
their  anion,  and  become  diaot^anized.  The  root-cap  of  Thuja,  and 
of  Gymnosperms  generally,  consists  of  the  oater  parts  of  the 
periblem;  dermatogen  and  calyptrogen  are  wanting.  The  initial 
layers  of  the  plerome,  passing  over  the  apes  of  the  plerome,  divide 
by  periclinal  and  anticlinal  walls.  The  periclinal  divisions  increase 
the  number  of  layers  of  the  periblem,  and  replace  from  the  interior 
the  elements  which  are  exfoliated  from  the  periphery.  The  anti- 
clinal walla  increase  the  number  of  cells  in  the  individual  layent, 
and  provide  chiefly  for  the  formation  of  the  cortex.  As  the  anti- 
clinal walls  in  snccesHive  layers  correspond  pretty  regularly  with 
one  another,  they  form  anticlinal  rows  of  cells,  which,  straight  in 
the  interior,  separate  from  one  another  externally,  like  the  com- 
ponent rays  of  spray  which  collectively  constitnte  the  jet  issuing 
from  a  fountain ;  and  forming  therefore  a  constantly  extending 
seriea  of  co-axial  parabolie.  The  periclinal  divisions  in  the  initial 
layers  of  the  apex:  have  as  result  that  the  cell-rows  of  the  cortex, 
when  these  are  followed  towards  the  point,  appear  constantly 
doubled.  The  moat  median,  straight,  anticlinal  rows  of  cells  in  the 
periblem  of  the  root-apex  are  distingnishablo  from,  their  neighbours. 
They  form  a  "periblemic  column  "  (Periblcmsaule) ,  which  ia  lost 
in  the  outermost,  brown  elements  of  the  root-cap.  Thia  coiamn 
appears  clearer,  its  cells  immediately  adjoin  one  another,  while 
those  bordering  laterally  form  air-containing  intercellular  spaces. 
Moreover,  the  cells  of  the  column  ai'C  distinguished  by  especial 
richness  in  atarch.  As  results  from  the  foregoing  relations,  the 
root  of  Thuja  possesses  no  epideiTnis,  the  outer  surface  of  the  root 
is  composed  of  the,  for  the  time  being,  outermost  layer  of  the 
periblem.  If  such  a  layer  is  followed  in  the  direction  of  the  apes, 
we  shall  soon  see  it  pass  under  another,  which  for  a  time  pro- 
vides a  surface.  The  outermost  living  layers  of  celts  are  protected 
at  their  surface  by  the  collapsed  walls  (become  brown)  of  the 
disorganized  layers  of  cells.  The  roots  of  the  Gymnosperms  have, 
in  general,  no  tOOt-hairs;  we  search  for  such  in  vain  in  Thuja 
oeddentalis.    The  adjoining  6gure,  70,  gives,  with  low  magnification, 
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the  structure  ot  a  longitudinal  section,  and  can  facilitate   onr 
obtaining  information  about  it.    Naturally,  the  arrangement  of  the 
cella  can  only  be  indicated  with  such  a  low  magnification.    Pass- 
ing from  the  exterior  towards  the  interior,  we  see,  therefore,  the 
brown,  collapsed  covering  of    cells   (»)  ;  then   the   periblem   (pr), 
which  can  be  traced  over  the  apex  of  the  root,  and  whose  outer- 
most layers,  therefore,  form  the  root-cap  ;   lastly,  the  plerome  (pi), 
the  termination  of  which  is  not  quite  clear  with  low  magnification. 
We  are  inclined  to  imagine  that  the  npper 
part  of  the  plerome  is  larger  than  it  really 
is,  because  the  innermost  layers  of  the 
periblem,  bordering  on  the  plerome,  are 
devoid  of  intercellular  spaces,  and  there- 
fore (as  is    shown  in  the  figure)   appear 
just  as  clear  as  the  plerome  cylinder.     In 
the  oldest  parts  of  the  section  the  plerome 
cylinder  shows  itself  sniTonnded  by  a,  red 
layer  of  cells,  which,  as  a  comparison  with 
the  cross-section  shows,  indicates  the  en- 
dodemiia  filled  with  red  cell-sap.     As  we 
approach  the  apes  these  endodermie  cells 
become  unrecognisable.     Vessels  («)  also 
appear  in  the  older  parts  of  the  plerome 
cylinder.       The     more    clearly    showing 
column    (c)  penetrates   the   apex    of   the 
periblem.      Upon   this   impinge  laterally 
the  air-containing  layers  of  the  periblem. 
These  last,  however,  reach  entirely  neither 
to  the  plerome  nor  to  the  surface  of  the 
root.    The  last  is  composed  of  large  brown       .  ^'o-  w.-l^ngiiuaiiun  hw- 

cells.  Thuja    iKin<im;ulw ;    i,  onWr 

The  roots  of  Coniferte  will  serve  to  ^^il^"  ^^'^  "'^.^bl™"'^ 
make  ns  acquainted  with  the  methods  of  plerome;  «,  endodemiiB!  ■, 
branching  of  mot.  in  geDeral.  In  Ih.  .i-  SS,.';^'™^™''"" 
amination  of  the  roots  of  Thuja  occiden- 

talis,  it  will  strike  us  that  they  bear  their  lateral  roots  in  four  or 
in  three  straight  rows.  We  readily  prove  by  cross- sections  that 
three  rows  of  lateral  roots  indicate  triarch  i.e.,  with  three  lig- 
neous rays,  four  rows  tetrarcb,  fibro-vasal  cylinders.  We  prepare 
now  a  cross-section  through  a  root  at  the  place  of  insertion  of  a 
lateral  root,  and  determine  that  the  lateral  root  projects  from  one 
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of  the  ligneous  rays.  As  now  the  ligneous  rays  run  in  straight 
lines  in  the  axial,  fibro-vasal  cylioder,  the  arrangement  of  the 
lateral  roots  in  gti-aight  rows  is  hereby  explained. 

We  will  now  endeavour  to  become  acqnainted  also  with  the 
growing  apex  of  a  root  whioh  grows  by  means  of  an  apical  cell.* 
In  such  roots  the  same  variability  as  with  stema  growing  by 
means  of  apical  cells  does  not  exist.     The  apical  cell  is  always  a 


trilateral  pyramid,  and  the  co-ordination  of  the  segments  formed 
from  it  remains  constant.  We  investigate  the  root  of  PterU 
erelica  (Fig.  71),  but  can  equally  well  choose  any  other  species 
of  Fern.  By  turning  a  flower-pot  upside  down,  we  easily 
obtain  uninjured  root-apices.  The  roots  of  Fteris  creiica,  as 
of  ferns  generally,   are  diarch;  with  the  woody  portions  alter- 
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uate  flattened  bast ;  the  pericambiam  (pericycle)  is  nnilamDlIiir, 
the  ondodermis  flattened,  the  cortei  become  brown,  and  in  its 
inner  part  strongly  thickened.  We  now  endeavour  to  obtain, 
betfreen  thamb  and  forefinger,  a  thin,  median,  longitudinal  section 
of  the  root-apex.  It  is  not  very  difficult  to  bring  to  view  the 
apical  cell ;  it  does  not  here,  however,  occupy  the  apex  of  the  root, 
bnt  18  covered  by  the  tissue  of  the  root-cap.  This  apical-cell 
(t,  Pig.  ?1)  has,  aa  in  the  stem,  of  Equiseium,,  the  form  of  a  three- 
sided  pyramid,  whose  convex  base  is  turned  towards  the  cap, 
while  the  apex  formed  by  the  junction  of  the  three  side-walls  is 
sunk  in  the  body  of  the  root.  The  divisions,  as  in  the  stem  of 
Equimlum,  take  place  parallel  to>  the  side-walls  ;  besides  theae 
however,  from  time  to  time  (usually  after  three  or  four  of  the 
above  consecutive  divisions),  a  wall  parallel  to  the  convex  base  is 
formed  (compare  the  figure).  The  apical-cell  retains  its  form 
throughout  its  divisions  ;  the  cell  cnt  oS  from  the  base  hap,  however, 
the  form  of  a  segment  of  »  sphere.  This  cell  (k)  is  an  initial 
cell  of  the  root-cap,  giving  to  this  latter  its  origin.  It  divides 
first  by  a  wall  perpendicular  to  its  baae  into  two  halves  ;  each  half 
repeats  this  division,  so  that  four  cells,  quadrilateral  in  outline, 
are  formed.  In  these  the  division  is  repeated,  and  always  by 
walls  at  right-angles  to  the  original  base,  so  that  an  older  layer  of 
the  cap  (A;")  consists  of  a  large  number  of  cella.  The  cells  of  the 
older  cap-layers  are  full  of  starch -grains.  They  are  gradually 
disorganized  while  the  apical  cell  cuts  oS  continually  new  initial 
cella.  The  outer  walls  of  the,  for  the  time  being,  outermost  cells 
of  the  cap,  are  strongly  thickened.  The  dividing  walla,  formed 
parallel  to  the  side- walls  of  the  apical  cell,  follow,  as  in  Equitetum, 
the  direction  of  a  spiral. 

NOTES  ON  CHAPTER  XVU. 

*  Sachs'  Texl-hook  of  Botany  (Engl,  trans,  of  4th  edit.),  p  147 ;  Janozewgki, 
Annalei  dis  le.  nar,  flHtaaiqae.  V.  S6r.,  torn.  XX.,  1873,  pp.  IG^etsfq.;  Treat, 
Mm6e  bot.  de  Leide,  torn.  II.,  1876;  Da  Bat;,  Comparative  Anatomy  (Engl, 
ttana.),  pp.  9  rt  leq. 

'  Sttaaburger,  Conif/ren  und  Gnetaceen,  p.  340  ;  De  Ba,ry,  Comp.  Anat.  {Engl, 
{rang.),  pp.  13  ei  leq.,  where  nee  the  further  literatute. 

*  Nageli  and  Lei^eb  in  Bcitr.  lur  win.  Dot.,  4  Heft,  16G8,  pp.  74  ct  seq. 
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CHAPTER  XVIII. 
VEGETATIVE   STRUCTUBB   OP  THE   MOSSES  AND  HVBBWOBTS 

Material  Wanted. 
Plaots  of  a  strong  mosa,  auch  as  Mni-nm  tindulaium,  M.  Jtwnum,  or 

Polytrichnm.     Fresh,  or  in  alcohol. 
Plants  of  B.  Bog-moss  (e.g.,  Sjiliagnum  acut'folium).     Fresh. 
Thallus  of  a  Liverwort  {e.g.,  Marckanlia  yohjnioi'pha).    Fresh. 
Thallus  ot  Meizgeria /areata.     Fresh. 

Hitherto  we  have  studied  odIj-  the  fitructure  of  the  stem  and 
leaves  in  YascnlaT  Plants  ;  we  tTirn  now  to  the  stem  and  leaves  of 
Mossea,  from  which  veasels  are  absent.*  We  commence  with  a 
comparatively  complicated  case,  where  the  differentiation  of  tissue 
ig  already  somewhat  advanced;  withMMtwwi  undttlatum.  We  first 
of  all  prepare  delicate  crosa-sections  through  the  stem.  In  the  midst 
o{  the  stem  appears  an  axial  cylinder,  composed  of  narrow  thin- 
walled  cells.  We  can  conceive  this  cylinder  as  the  simplest  of  all 
condncting  bundles.  Its  cells  contain  no  living  contents,  only 
water  ;  they  are  distinguished  irom  their  surronndinga  by  their 
yellow-brown  coloration.  To  this  conducting  bundle,  which  there- 
fore consists  of  only  water-bearing  tissue,  adjoin  the  wider  cells 
of  the  cortex,  with  greenish-yellow  walls,  and  living  chlorophyll- 
holding  contents.  At  first  they  increase  somewhat  in  diameter 
in  passing  from  the  interior  outwards ;  at  the  periphery  they  be- 
come rapidly  narrower  and  thicker  walled,  and  pass  over  at  length, 
without  special  limits,  into  a  uni-  or  bi-lamellar,  narrow,  strongly- 
thickened  epidermis.  At  two  or  three  places  the  outer  cell-layer 
of  the  stem  is  prolonged  externally  into  a,  unilamellar'  plate  of 
cells,  which  represents  the  leaf-wings  running  outwards  from  the 
stem.  Gross- sections  which  are  taken  from  the  lower,  leafiessj 
strongly-browned  part  of  the  stem,  show  the  walls  of  the  peri- 
pheral layers  of  cells  coloured  dark-brown.  From  single  cells  of 
the  surface  have  grown  long,  brown-wallcd,  repeatedly  branched 
threads  of  cells,  which  hciv  take  tlio  functions  of  roots,  and  are 
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diatingnisliod  as  root-bairs  or  rhizoida.  These  rhizoids,  as  can  be 
readily  seen,  are  diHtingniBhed  hy  obliqnelj-placed  partition  walls, 
which  therefore  form  an  exception  to  the  rale,  so  generally  obtain- 
ing, of  rectangular  division.  Under  nambers  of  soch  partition 
walls,  and  always  under  its  elevated  side,  arise  the  subsequently 
still  more  branching  lateral  branches.  Only  the  apices  of  the 
rhizoids  which  are   still   growing  are  provided   with   colourless 

The  closest  similarity  with  such  root-hairs,  from  the  point  of 
view  of  the  branching  and  the  oblique  position  of  the  dividing 
walls,  is  shown  by  the  proembrjro  of  the  typical  leaf-bearing 
mosses,   the  so-called  protonetoa,   which  is  developed    from  tlio 


[Fie.  71.'— Xmoes,  Fimitria%vrimi>trl».  J.genniaHting  sporssi  «,  roat-Iiair.orrliiEoid; 
«.  sioipore  ( X  6S0).  B,  part  of  a  flevaloped  protonemB,  about  ihree  Beelia  after  gormLnft- 
tiag;  >>,  a  procumbenC  primary  Bhwt.  vithbniwuwiilla.|]d  oblique  i^pta;  tVoni  ihiBHrise  the 

r1)iioidorToot-liair(x>bouC9CI),    (Arier  PrsntU] 

germinating  spore.  Its  branches,  however,  so  far  as  they  do  not 
penetrate  into  the  soil,  are  colonrl ess,  and  contain  nnmcpons  chloro- 
phyll-grains. The  buds,  which  develop  into  the  moss-stems, 
are  side-branches  of  this  protonema  [compare  Tig.  71*].  The 
near  relationship  of  rhizoids  and  protonema  is  shown  also  in  the 
circumstance,  that  the  rhizoids,  if  kept  damp  and  exposed  to 
light,  can  develop  a  protonema  which  can  give  rise  to  numerous 
new  plantlets.  It  needs  only  to  lay  a  tnrf  of  Mnium  with  the 
underside   upwards,    and    keep   it   damp,    in    order    to    produce 


.:,,C()()qIc 


192  THE   LEAF  OF  UOS8E3. 

nameroas  green  protonema-thritfids  from  the  rtizoida.  This  lat- 
ter ID  its  macroaiKipic  aspect  remiads  as  of  teiTestrial  tafts  of 
Yaucheria. 

If  the  croBs-Bection  has  passed  through  an  injnred  part  of  the 
Btem  of  Mnium,,  the  place  is  seen  not  to  be  covered  with  cork, 
since  this  cannot  be  formed  hj  the  Cryptogamia,  with  the  ex- 
ception of  Botrychium  [the  Moonwort  fern] ;  bat,  on  the  other  hand, 
the  walls  of  the  limiting  cells  are  thickened  and  browned,  and  bo, 
apart  from  their  broader  cavitiee,  resemble  the  other  surface -cells. 

Near  the  surface  can  be  seen,  in  the  cross -section,  isolated  smalt 
strings  of  thin-walled  cells,  which  moreover  in  their  coloration 
resemble  the  elements  of  the  central  cylinder,  and  which,  like 
them,  are  without  liring  contents,  but  on  the  other  hand  contain 
water.  These  are  the  conducting  bundles  belonging  to  the  leaves, 
which  have  "  blind  "  ends  in  the  cortex  of  the  stem,  while  they 
occasionally,  in  Folytrichum,*  join  on  to  the  axial  conducting 
bnndle  of  the  stem.  A  leaf,  which  we  examine  without  further 
preparation  in  a  drop  of  water  on  the  object-slide,  exhibits  a 
unilamellar  lamina,  and  a  mnltilaniellar  midrib.  This  last  ends 
in  a  terminal  tooth,  which  consists  of  a  number  of  rhombic  cells. 
The  cells  of  the  midrib  are  elongated,  the  peripheral  cells  contain 
chlorophyll -grains.  The  lamina  of  the  leaf  is  nnilamellar ;  it 
consists  of  polygonal  chlorophyll- containing  cells.  The  broad, 
seam-like  edge  of  the  leaf  is  formed  of  elongated,  strongly  thick- 
ened cells.  The  outermost  bear  on  their  edge,  at  nearly  equal 
distances,  one-  to  two-celled,  sharply  tapering  teeth.  Cross- 
sections  through  the  leaves  are  obtained  at  the  same  time  with 
the  cross- sections  of  the  stem.  If  it  is  desired  to  cut  cross- 
sections  of  separated  leaves,  which,  from  their  small  thickness,  is 
no  slight  task,  it  can  be  considerably  facilitated  if  a  considerable 
number  of  leaves  are  stack  together  with  glycerine-gum,  and, 
withont  waiting  for  the  gum  to  dry,  the  object,  thus  made  thicker, 
is  cut  between  elder-pith. f  The  cross- sections  are  then  laid  in 
water,  which  at  once  dissolves  ont  the  gum.  This  method  can  be 
used  at  all  times,  when  it  is  desired  to  obtain  cross- sections  of 
very  thin  surfaces.  Upon  these  cross- sections  of  our  moss-leaf, 
wo  can  determine  that  the  lamina  is  unilamellar,  the  cells  at  the 

*  In  PolyiTicham,  the  inner  part  o(  this  conducting  bundle  ia  commonly 
Obllencbjmatous.     [En.] 

f  Good  croBB-Bectiona  at  leaves  can  be  obtained  without  preparatioD  b;  cutting 
througb  the  crowded  leaveB  at  the  apei  ("  bud  ")  of  the  stem  of  an  actively 
growing  moBB,  such  m  iiniutn  uiidalatam,  it.  hoitium,  or  a  Falyirichum.     [Eu.] 
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margin  of  tie  leaf  are  strongly  thickened.  The  midrib  projects 
more  strongly  from  the  under  than  the  npper  anrfaco  of  the  leaf. 
In  its  centre,  somewhat  nearer  the  under  side,  lies  a  string  of  thin- 
walled  cells,  in  which  we  again  recognise  the  condnctrng^  bundle 
which  we  previoasly  saw  in  the  cortes.  These  thin-walled  strings 
are  protected  on  their  nnder  side  by  some  strongly-thickened 
narrow  cells.  The  structure  reminds  us  not  a  little  of  certain 
greatly-reduced  monocotyledonons  fibro-vaaal  bundles,  limited  to 
a  few  bast  elements  and  a  weak  layer  of  sclerenchyma. 

A  withered  plant,  with  the  lower'cut  surface  of  its  stem  placed  in 
water,  remains  withered,  but  becomes,  on  the  other  hand,  rapidly 
turgid  if  it  is  immersed  with  its  leaves  in  water.  The  admission 
of  water  through  the  lea-ves  is  here,  therefore,  very  active. 

The  structure  of  the  stem,  of  the  Bog-moasea  offers  special  pecu- 
liarities, and  shall  therefore  be  brought  here  within  the  range  of 
our  observation.  We  prepare  cross-seotions  of  the  stem  of  Sphag- 
num acutifolium,.  These  cross- sections  show  as  a  broad  central 
cylinder,  which  in  its.  interior  is  constructed  of  broad,  somewhat 
collenchymatously  thickened  cells ;  towards  the  periphery  its 
cells  become  gradually  narrower,  and,  in  the  outermost  layers, 
are  coloured  yellow-brown.  A  special  conducting  bundle  is  not 
present  in  the  interior  of  this  cylinder.  It  is  surrounded  by  a 
large-celled  outer  cortex  of  three  layers  of  cells.  The  elements  of 
this  impinge  iraraediately  upon  the  narrow,  yellow-brown  cells  of 
the  inner  cylinder.  They  are  diatinguished  by  large  rounder  oval 
holea  [pores]  and  delicate  spiral  bands.  These  porea  are  easy  to 
see,  and  that  they  directly  join  together  the  cavities  of  these  cells 
can  be  readily  proved  in  places  where  the  sections  have  cut  through 
such  porea.  Not  infi'eqnently,  moreover,  fungal  threads  [hypha] 
are  seen  in  these  cells,  which  pass  without  hindrance  from  one  cell 
to  the  other  through  the  pores.  These  porous  elements  of  the 
outer  cortex  of  Sphagnum  contain,  m.oreover,  only  water  or  air,  and 
are  without  living  cell -contents.  To  the  plant  they  serve  as  a 
capillary  apparatus,  by  which  the  water  may  be  carried  to  a, 
place  of  need.  The  plants  are  devoid  of  cuticularized  parts ;  con- 
centrated sulphuric  acid  immediately  dissolves  the  entire  tissue ; 
comparatively  the  most  resistant  are  the  middle- lam ellie  and 
their  junction  "seams"  of  the  yellow-brown  outer  cells  of  the 
central  cylinder. 

The  leaf  expansion  is  ovate,  entire,  unilamellar,  and  consists,  as 
either  surface-view  shows,  of  two  kinds  of  elements.     The  one  are 
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small,  chlorophyll- containing  (and  therefore  also  containing  proto- 
plasm and  nacl  ens),  living  cells;  and  others  are  dead,  filled  with  air 
or  water,  provided  with  rings  or  with  spiral  bands  and  intermediate 
open  pores.  The  fact,  which  must  have  repeatedly  strack  as,  that 
dead  air-  or  water-containing  cells,  so  far  as  they  are  not  strongly 
thickened,  so  often  need  spiral  band,  rings,  or  network  as  thick- 
ening of  theirwalls,  derives  explanation  from  the  circnmstance  that 
the  said  cells  are  deprived  of  their  twrgidity,  and  need  this  me- 
chani<:a!  apparatns  in  order  not  to  collapse  nor  be  crushed.  The 
green  cells  of  the  leaf-expansion  are  all  joined  together,  and  form 
a  network  with  elegantly  winding  walls,  each  mesh  being  occapied 
by  one  of  the  empty  cells.  The  green  cells  serve  for  the  assimila- 
tion of  carbonic  acid  gas ;  the  empty  celts  serve,  jnst  as  do  the 
corresponding  cells  of  the  outer  cortei  of  the  stem,  as  a  capillary 
apparatns  for  the  supply  of  water.  Careful  observation  shows 
that  the  number  of  pores  diminishes  towards  the  edge  of  the  leaf, 
that  they  are  more  prevalent  on  the  under  side  of  the  leaf,  and 
stand  laterally  on  projecting  cell-walls.  The  edge  itself  of  the 
leaf  is  composed  of  the  narrow  green  cells,  and  adjoining  these  of  a 
single-rowed  "  seam  "  of  narrower  collapsed  elements  containing 
watery  contents,  and  slightly  thickened  on  the  outer  surface. 
Only  the  end  surfaces  of  these  elements  appear  to  be  thickened 
more  strongly,  and  project  oatwards  proportionally.  A  midrib  is 
wanting  in  the  leaves,  just  as  is  a  conducting  bundle  in  the  stem ; 
the  plants  are  in  this  respect,  therefore,  much  more  simply  con- 
structed than  Mnium;  more  complex  on  the  other  hand  as  to  the 
formation  of  a  special  capillary  apparatns. 

The  tkaJtas  of  Marekantia  'polym.orpka  [the  common  Liver-wort], 
80  widely  epread  upon  damp  ground  and  especially  in  damp 
green-houses  on  the  surfaces  of  the  flower-pots,  and  so  readily 
recognisable  by  its  bulbil  or  gemmn-cnpa,  and  ultimately  also  by 
its  more  rarely  produced  disk-like  or  umbrella-like  receptacles, 
shows  a  tolerably  complicated  structure.  The  absence  of  cormo- 
phytic  development  does  not  therefore  necessarily  entail  simple 
anatomical  structure.  The  thallus  is  tough,  like  leather;  it 
branches  by  forking  (bifiucation)  of  its  apex,  which  lies  at  the 
base  of  the  apical  Biniis  (or  depression).  If  the  shoot  has  forked 
shortly  before,  the  centre  of  the  previous  depression  is  occupied 
by  a  lobe  of  the  thallus,  on  both  sides  of  which  the  apical  de- 
pressions lie.  Along  the  centre  of  each  shoot  projects,  on  its 
rentral  [under]  side,  an  indistinctly  bounded  midrib.      From  this 
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proceed  outwards  and  forwards  obliquely  directed  striie  arching 
towards  the  margin  of  the  tliallns.  At  some  dietaace  from  the 
apez  the  thallus  is  fixed  to  the  substratnm  by  delicate  rhizoids 
springing  from  its  centre.  If  we  bring  the  thallng,  with  its 
ventral  side  turned  upwards,  nnder  a  simple  microscope,  we  can 
determine,  by  the  aid  of  needles,  the  esistence  of  scales  which 
arise  from  the  surface  of  the  thallua.  There  are  present  here 
three  different  forms  of  ventral  scales :  marginal  scales,  which 
usually  extend  somewhat  over  the  edge  of  the  thallus,  and  have 
become  brown ;  median  scales,  which  lie  in  the  middle  line,  and 
lajnimir  acales,  which  are  inserted  upon  the  thalluB  on  both  sides 
of  the  middle  line,  can  also  be  wanting.  The  median  scales,  often 
pnrple-colottred,  alternate  with  one  another,  their  edges  overlap 
in  the  middle  line.  Together  with  median  or  laminar  scales,  or 
with  the  former  only,  arise  out  of  the  frond  fine  rhizoids,  which, 
covered  by  the  scales,  and  following  their  insertion,  attain  to  the 
mid-rib,  and  here  rnn  further  forwards  in  bundles.  It  is  the 
median  and  laminar  scales  which  produce  the  striatiou  on  the 
nnder  aide  of  the  thallus,  which  we  have  already  observed  with 
the  naked  eye. 

If  we  examine  the  dorsal  [upper]  side  of  the  thallus  with  the 
lens,  this  appears  to  be  divided  into  email  diamond-shaped  areas. 
The  limits  of  the  areas  are  dark-green,  the  areas  themselves 
appear  more  grey.  In  the  middle  of  each  area  a  dot-like  opening 
18  -visible.  We  now  examine,  with  stronger  magnification,  a  sec- 
tion which  is  taken  parallel  to  the  dorsal  side  of  the  thallus.  We 
see  that  the  outer  cells  of  the  dorsal  surface  are  polygonal,  firmly 
united  together,  and  contain  numerous  large  chlorophyll  gi-annlea. 
The  boundaries  of  the  areas  show  clearly;  each  area  has  its  centre 
occupied  by  a  round  opening,  which  is  sni-rounded  usually  by  four 
narrow  cells  containing  no  chlorophyll,  and  curved  into  the  form 
of  a  crescent  (Fig,  72,  A).  Where  the  section  is  somewhat  thicker, 
air  is  seen  to  be  collected  under  the  free  outer  surface  of  the  area. 
Into  this  air  space,  the  air-chamber,  project  chlorophyll -containing 
threads  of  cells.  The  walls  bounding  the  air-chawber  laterally 
are  constructed  of  closely- combined  cells.  These  walls  are  uni- 
te multi-lamellar;  their  cells  contain  chlorophyll.  Single  cells  of 
the  surface,  and  also  of  the  interior,  are  distingnished  by  a 
highly- refractive,  irregularly -outlined,  grape-like  body.  These 
bodies  in  the  younger  shoots  are  slightly  brownish,  in  older  are 
coloured  brown,  contain  mostly  fat  oil,  and  form    the   so-called 
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oil-boliBB  of  the  Liverworts.'  The  cells  which  contain  snch  a  body 
show  no  other  formative  contents.  Sarf ace-sections  titken  irom 
ttte  ventral  Bide  of  the  thallns  show  no  division  into  areas. 
The  cells  are  here  more  elongated  and  poorer  in  chlorophyll 
than  on  the  apper  side.  The  rhizoids  which  spring  from  the 
veatral  snrface,  show  a  double  stracture.  They  are  more  slender, 
and  provided  with  peg-like  projections  into  the  interior,  or  thicker 
and  without  each  thickenings.  Those  with  the  peg-like  projec- 
tions arise  out  of  the  frond  as  far  as  the  median  or  laminar 
scales,  or  only  the  former,  extend.  They  lie  close  to  the  frond, 
and  follow  the  mid-rib  in  bundles,  covered  by  the  scales.  They 
serve,  perhaps,  the  purpose  of  stiffening  the  thallns. 


Fie.  73.— Varchanlia  pglvmoriibL     A,  an  air-opeoiDg  Irom  above. 
{'  !«). 

The  slender  rfaizoids  proceed  chiefly  from  the  midrib,  and  turn 
at  an  aoute  angle  towards  the  substratnm,  to  which  they  fix 
the  thallns.  At  their  apex  they  often  appear  sinnately  lobed,  at 
the  base  commonly  purple -coloured.  All  venti'al  scales  are  ani- 
lamellar,  the  median  consist  of  still  living  cells,  the  laminar  and 
marginal  scales  of  cells  which  qnickly  die. — A  cross-section  through 
the  thallus  shows  na  on  the  dorsal  surface  first  a  zone  of  chloro- 
phyll-containing tissue.  The  ini«rior  of  the  thallns  is  composed 
.  of  broader  cells,  almost  free  from  chlorophyll.  In  the  walls  of 
these  cells  stellate  broad  elliptic  pits  are  to  be  seen.  At  the  ven 
tral  snrface  the  two  last  layers  of  cells  are  again  narrower,  flatter, 
rich  in  chlorophyll,  and  form  the  so-called  ventral  cortical  layer. 
Oil-bodies  are  scattered  through  the  entire  tissue.    Other  individual 
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cells  are  noticeable  from  their  size  and  hif^hly  refractive  contents; 
these  are  the  macilage-cells,  which  in  Marchantia  are  feebly,  bnt 
in  other  Marchantiaceie  are  more  strongly,  represented. — A  closer 
study  of  the  outer  layers,  rich  in  chlorophyll,  of  the  doi'sal  snrtace, 
completes  the  conception  which  we  had  obtained  from,  the  snrface- 
view.  Outermost  we  see  a  single  layer  of  fiat  cells,  which  pro- 
ceed from  the  walls  bounding  the  air-chamber  laterally,  free  over 
the  chamber.  In  the  midst  of  the  free  outer  wall  is  found  the 
air-opanii^  [the  so-called  stoma],  which  is  snrronnded  by  several, 
from  four  to  eight,  tiers  of  cells*  (Fig.  72,  B).  The  opening  is 
narrowed  at  its  apper  and  nnder  apertures,  especially  at  this 
latter,  and  therefore  shows  with  a  barrel-shaped  form.  The  cells 
of  the  uppermost  stage  are  prolonged  into  a  membranons  border. 
As  the  air  is  very  strongly  retained  in  the  air-opening,  and  the 
structure  is  thereby  made  indistinct,  it  is  desirable  previously 
to  pnmp  the  air  ont  of  the  preparation.  Into  the  air-chamber 
project  from  below  threads  of  cells,  two  or  three  cells  long,  and  now 
and  again  branched.  These  threads  are  especially  rich  in  chloro- 
phyll ;  they  arise  from  the  flat  cell-layer  next  below,  which  is 
poor  in  chlorophyll.  On  the  ventral  side  of  the  thallua  we  see 
on  the  midrib  the  lateral,  alternate  overlapping  of  the  median 
scales.  Between  the  scales  lie  the  cross- sections  of  the  bundle  of 
rhizoids.  Median  longitudinal  sections  show  the  insertion  alike 
of  the  stronger  ordinary  rhizoids,  turning  ofE  at  once  ftom  the 
thallus,  and  the  "  pegged  "  rhizoids  overlying  the  midrib. 

A  very  simply  constructed,  and  in  many  respects  very  instruc- 
tive, thallus  is  that  of  Metsgeria  furcataJ'  This  inconspicnona 
plant  is  met  with  on  the  cortes  of  leafy  trees  [is  cosmopolitan,  and 
very  variable].  The  thallns  is  riband-like,  bright-green,  bifurcate, 
and  traversed  by  a  midrib  visible  even  with  the  naked  eye.  Apart 
from  this  midrib,  the  thallus  is  unilamellar,  as  can  be  readily 
proved  under  the  microscope.  It  consists  of  polygonal  cells, 
richly  provided  with  elongated  chlorophyll  grains.  The  narrow 
midrib  projects  from  the  ventral  [under]  surface  much  more 
strongly  than  from  the  dorsal  [apper]  surface.  It  consists, 
passing  from  above  downwards  {as  can  be  readily  proved  by  focus- 
sing to  different  depths),  of  broad,  slightly  elongated,  then  of 
narrow,  elongated,  and  finally  again  of  broader  cells.  The  two 
outer  layers  of  cells  contain  chlorophyll,  the  inner,  on  the  other 
hand,  do  not.  At  the  growing-point  arise,  from  the  ventral  surface 
of  the  midrib,  some  rather  short  club-shaped  hairs,  at  their  for- 
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ward  eiid  filled  with  highly  refractive  contents.  From  older  parts 
of  the  midrib,  and  also  from  the  mai^inal  cells  of  the  thallus,  arise  ■ 
bristles,  which,  nnder  favourable  circumstances,  can  at  their 
extremity  give  rise  to  a  lobed  suctorial  disk,  and  then  fanctionate 
as  rhizoids.  These  bristles  always  stand  at  the  hinder  end  of  the 
cell  (i.e.,  most  removed  from  the  growing  point),  from  which  they 
are  cut  off  by  a  curved  partition  wall,  which  does  not  pass  through 
the  entire  height  of  the  cell  in  question,  but  only  cats  oS  a  comer 
or  angle  from  it.  As  the  cross-section  shows,  the  inner  cells 
of    the    midrib   are   distinguished    by  somewhat  more   strongly 


Fia.  73,— lApozof  a  iliootot  )(>(>;) 


inner  cella  ot  tbe  midrib  ( x  MO ) . 


t.  Apical  oell ;  n.-t'ii- (ncceBsfiBtegi 
gra.il«  ;  PI  eurrsce-cellorttac  Hrstgn 
ihaped  Laire.    Tlie  figure  dnuin  bj  tocnsBiDg  ii 


thickened  glancing  white  walls,  appearing  almost  collenchymatona 
[c/.  footnote  to  Pohjtrichum.,  p.  192].  In  the  most  instmctive  and 
easy  manner  the  processes  of  division  in  the  growing  point  of 
Metzgeria,  can  be  followed.*  The  growing  apex  ot  Metzgeria 
shows  a  comparatively  slight  depression.  The  base  of  this  apical 
sinuB,  close  np  to  the  place  where  the  midrib  commences,  is 
occnpied  by  the  apical  cell.  We  examine  it  from  the  dorsal  sur- 
face of  the  thallus,  in  order  not  to  be  disturbed  by  the  club- 
shaped  hairs.     The  apical  cell  is  wedge-shaped  (Fig.  73,  ()■     It 
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has  the  form  of  an  iaoscelea  triangle,  with  the  base  directed 
forwards  (outwards),  and  usually  somewhat  convex,  and  slightly 
arched,  side-walla.  It  divides  by  walls  which  are  parallel  with 
its  side-walls,  and,  thus  developing,  gives  off  segments  right  and 
left  (»),  and  therefore  all  lying  in  one  plane. 


NOTES  TO  CHAPTER  XVIH. 

'  Compare  P.  G.  Lorentz,  Jahrb.  f.  wit*.  Bot.  Bd.  VI.,  18C7-a,  p.  363 ; 
Goebel,  OnindfUt  der  syiUmatitelien  utkl  tpecUliea  Pfianz'.amorplinlogie.  1S82, 
p.  184  (for  the  Jitecntura  Bee  alao  on  p.  179) ;  recently  also  G.  Fritsche, 
JifT.  d.  deutich.  bot.  Geieii ,  I.  Jahrg.  p.  83  ;  Haberlandt,  ditto,  p.  263 ;  &nd 
OltmannB.  in  Cobn's  Sfitr.  zar  Biol.    Bd.  IV.p.  1. 

'  Compare  Leitgeb,  Unlenuek.  iib.  die  Lebirmoote,  TI,  Heft,  1881,  where  the 
other  literatnre  ia  to  be  found. 

"  Pfeffer,  DU  Oeliorper  dtr  Lehtrmooie,  Flora,  1874,  No.  2. 

*  Vo^,  Beitrag  zur  vergl.  Anat.  der  ilarchanlien,  Bot.  Ziit.  1879.     Col.  729, 

*  Gompllre  Leitgeb,  Unten.  iib.  die  Ltbernwote,  Heft.  III.,  p.  34,  -where  also  is 
ibe  other  literatare. 

"  Compni-8  Kdj,  Jahrb.  f.  iciM,  Bot.     Bd.  IV.,  p.  85. 
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CHAPTEE  XIS. 

VEGETATIVE   STRUCTUKE   OF    FUNGI,  LICHENS,  AND  ALQ^. 
STAINING  THE   CELL- CON  TENTS. 

Matbmai  Wanteb. 

Muahroom  (Agarietts  campentHe).     Fresh, 

A  Lichen,  such  as  FaivieUa  (^Anaplyehda.)  ciliaris,  common  on  trees. 

Eresh. 
Fucu)  veaiculosus  (Brown  sea-weed).     In  alcohol, 
Chara  fragUis,  or  Nltdl.i*   Fresh. 

Cladopliora  glamerala.*    A  common  freah-water  Alga.    Fresh. 
Spirogyra  majttsottla,*  oc  other  similar  species.    Fresh. 

The  yeget&tive  wrgans  of  tbe  Fnngi  consist,  apart  from  a  iinmber 
of  the  simplest  forms,  of  elongated,  thread-like,  moro  or  less 
copionsly  branched  elements,  the  Hyphs.  These  ate  either  with- 
out partition  walls  [unseptllte],  unicellular  thronghout  their 
entire  body ;  or,  by  means  of  partition  walls  [septa],  seg- 
mented into  a  number  of  consecutive  cells.  Moreover,  the  moat 
massive  fungal  structure  is  composed  of  such  hyphra,  then  very 
much  interwoven  with  one  another.  The  hyphse  can  indeed,  in 
many  cases,  become  so  firmly  united,  side  by  side,  that  a  tissue  -is 
produced,  which,  as  pBeado-parenchyma,  delusively  imitates  the 
appearance  of  the  parenchymatona  tissue  of  the  higher  plante. 
The  pseudo-parenchyma,  however,  is  a  product  of  the  union  of 
cell-threads,  and  not  the  resnlt  of  cell-division  taking  place  in 
three  planes.  In  order  to  inform  ourselves  about  this  kind  of 
structure,  we  take  the  fruiting  body  of  a  hymenomycetoas  fungus 
as  sttbjecfc  for  investigation.  We  choose  the  spore- producing 
body  of  the  Mushroom  Agaricas  campestris,  because  the  fungna 
can  now  be  obtained  at  any  season  of  the  year,  and  shows,  besides, 
a  comparatively  simple  structure.  We  prepare  first  a  delicate 
longitudinal  section,  from  tbe  stalk  of  a  fully-developed  speci- 
men. We  recognise  clearly  a  structure  of  longitudinally  disposed 
hyphiB,  and  can  readily  tear  the  section  in  longitudinal  direction 

u  ugunU;  be  obtained  fram  T.  Bolton, 
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■with  the  needles.  The  hyphie  are  directed  more  or  less  parallel 
to  one  another ;  single  ones  ran  obliquely  between  the  others. 
Each  hypha  forms  a  cell-thread,  'which  is  branched  here  and 
there  by  the  formation  of  side -branches.  These  arise  either  close 
under  a  partition- wall,  or  else  lower  down  on  the  side  surface. 
Here  and  there  we  come  across  a  "  blind  "  end  of  a  branch.  The 
cells  of  neighbouring  hyphs  not  infrequently  appear  connected 
by  a  horizOBtal  branch,  and  openly  communicate  with  one  another. 
In  the  periphery  of  the  stalk  the  hyphee  are  narrower,  and  at 
the  same  time  more  closely  pressed  together;  just  under  the 
surface  the  walls  become  brown,  and  their  cavities  more  or  less 
completely  collapse.  Towards  the  middle  of  the  stalk  likewise 
the  hypbie  become  smaller,  bat  their  texture  much  looser,  and, 
at  the  same  time  also,  their  course  quite  irregular;  great  masses 
of  air  here  fill  np  the  interspaces  between  the  hyphie.  So  long 
as  the  deetmctive  influence  of  "water  has  not  made  itself  fdt  npon 
the  contents  of  the  hypbte,  very  little  of  these  contents  is  to  be 
noticed  ;  only  at  the  cross-walls  does  it  show,  here  and  there, 
more  markedly  collected.  Later  on  lai^e  vacnoleB  begin  to  form 
in  the  cells.  Here  and  there  small  cryetala  are  met  with  in  the 
cells. 

The  cross-section  of  the  stalk  has  a  parenchymatous  appearance, 
which  is  only  lost  in  the  middle  parts  of  the  section,  where  the 
hyphte  also  ofier  their  side  yiews.  This  pseudo-par enchymatous 
tissue  appears  as  if  composed  of  unequal,  irregular  polygonal 
cells,  which  leave  between  them  more  or  less 
nnmerons  inter-cellnlar  spaces  and  gaps  (Fig. 
74).  On  careful  examination  of  the  section, 
we  notice  close  in  the  middle  of  many  cells  a 
refractive  point  (c/.  the  figure).  The  section 
has  here  grazed  a  cross- wall,  and  the  middle 
point  shows  the  position  of  a  pit,  which  is 
clothed,  on  either  side  of  the  partition  wall, 
with  a  small  collection  of  a  highly  refractive  no.  7i— .ijavicuj  caw 
snbstance.  Such  pits  in  the  centre  of  the  J^'ctlont^ugh'thBeS^k' 
cross- wall  are  universally  distributed  amongst  in  two  hypijo  iho  iMtion 
Basidiomycetea  and  Ascomycetes^.  The  cells  tBii»^a'ceni.rs'''potntoM 
of  the  hyphM  contain  in  the  peripheral  proto-  be  seen  upon  ibsm  (n 
plasm,  numerous  very  small  naclei,  which, 

however,  are  not  easy  to  see,  and  the  method  of  identification  of 
which  we  shall  postpone. 
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Upon  the  atmctare  of  the  stratum  (thallnn)  of  Lichens,  we 
shall  best  obtain  information  by  Anaptychia  (Farmelia)  ciliarU, 
nniversally  distributed  on  tree  stems.  The  thallna  itself  ia  erect, 
leaf-like,  and  shrubby  [foliaceons-frnticose]  ;  on  the  dorsal  [npper] 
anrface,  grey-gi-een  to  bright  green;  on  the  central  [under]  anrface 
grey.  From  the  edges  of  the  thallas  arise  stiS  cilia,  which  often 
become  lobed  at  their  ends,  and,  where  they  extend  to  the  aub- 
.  Htratnn),  adhere  to  it.  We  hold  a  piece  of  the  thallns  between  two 
pieces  of  elder.pith,  and  cat  cross- sections  through  it.  By  a 
safGciently  strong  magnification,  we  see  that  the  thallas  consists, 
on  its  dorsal  anrface,  of  closely  interwoven,  thick-walled  hyphai. 
These  form  tlie  so-called  rind,  or  cortical  layer.  Passing  farther 
inwards,  the  curves  of  the  hyph»  separate  from  one  another,  in 
order  to  form  the  looser  central  layer.  We  can  readily  decide 
that  the  hyphte  are  long  sacs,  branched  froni  time  to  time,  and 
divided  by  cross-walls.  At  the  limits  of  rind  and  central  tissne 
lie  scattered  comparatively  large,  green,  globular  cells,  the  Gtmidia. 
They  coiTespond  with  the  alga  Cygtococcua  kumieola  [  —  Ckloro- 
cficcum  huitiiailum].  The  hyphs  fit  closely  to  the  gonidia,  and 
carry  to  them  the  crude  aap,  for  which  they  receive  in  retarn  a 
portion  of  the  snbstances  assimilated  in  the  gonidia.  There  exists 
here  a  sytnhiosis,  a  conjoint  existence  of  fungus  and  alga,  which 
is  based  npon  reciprocal  service.  At  the  under  surface  of  the 
thallns  of  Aftaptychia  the  fungal  hyphm  again  interlace  more 
closely,  so  as  to  form  a  kind  of  under  rind;  or  this  closer  combina- 
tion does  not  exist,  and  the  looser  centi-al  tissue  extends  to  the 
ventral  sui-face.  This  latter  is  in  general  the  ease.  At  the  edges 
of  the  tballos,  however,  the  rind  of  the  dorsal  surface,  in  all 
cases,  extends  underneath  to  the  ventral  side.  From  these  edges 
arise,  aa  we  have  already  determined  macroacopically,  the  fixing 
cilia  (rhiziaes),  which  now  can  be  made  ont  to  consist  of  parallel 
closely-combined  hyphte.  The  walls  of  these  hyphte  have  a 
brownish  colour.  At  their  base  the  threads  often  fork.  In  other 
Lichens  the  rhizines  are  apt  to  spring  mostly  from  the  ventral 
surface  of  the  thallns.  Chlorzinc  iodine  stains  the  walls  of  the 
gonidia  immediately  a  beautiful  blue,  while  the  hyphte  only 
appear  yellow  to  yellow-brown,  showing  the  reactions  of  the 
so-called  Amgal  cellnlose. 

In  Anaptychia  dliarU  we  have  a  Lichen  with  what  is  called  a 
layered  or  betaiDmeroua  thallus,  so  called  because  the  gonidia 
form  a  special  layer  in  the  thallns.      In  more  lowly  organized 
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lichens  the  thallai  is  homoiomSTOiis,  i.e.,  tkegonidiaare  dLstribnted 
tbrongb  the  whole  tissue.  To  the  last  belong  also  the  GelatdnooB 
lichens,  ia  which  the  gouidia  lie  in  a  translacent  jelly,  which  is 
penetrated  hy  th«  fayphffi  of  the  f angns.  Moreover,  the  Alg^, 
which  take  part  in  the  formation  of  the  lichen-tballas,  diffei- 
according  to  their  species,  are  colonred  green  or  bine-green,  bat 
belong  almost  ezclnsively  to  the  lowest  divisions  of  the  Alge. 

The  thallas  of  the  Algte  shows  a  wide  stractnral  range  of  varia- 
tion ;  from  a  very  simple  to  relatively  complicated  structm-e.  As 
an  example  of  the  latter,  we  will  take  the  olive-green  or  brown  sea- 
weed, FiKus  resiculosvs,  known  as  the  "bladder  wrack,"  and  which 
IB  ao  common  around  our  coaats.  This  Fucus  is,  in  its  yonnger 
parts,  flat,  leaf-like,  traversed  by  a  midrib,  which  projects  on  both 
sides,  and  forks  more  or  less  regularly  ia  the  plane  of  the  leaf -like 
expansion.  It  usnally  bears  bladdery  aweilinga,  often  situated  in 
pairs  one  on  either  side  of  the  midrib  as  well  aa  singly  at  the  base 
of  the  bifurcations ;  these  bladders  are  sometimes  wanting.  In 
the  older  parts  the  leaf-like  expansion  of  the  thallns  is  gradoally 
disoi^anised,  and  finally  is  redaced  to  the  considerably  thickened 
midrib,  which  in  section  has  become  elliptic,  and  suggests  a  stem. 
The  stem  ends  below  with  a  rounded  attaching  disk.  Several 
stems  may  arise  from  a  common  base.  From  the  older  parts  of  the 
thallas,  especially  from  its  edges,  numerous  adventitious  shoots  can 
often  arise.  The  growing  points  of  the  thallas  lie  at  the  apices  of 
the  twigs,  in  cleft-like  depressions,  the  direction  of  which  corre- 
sponds with  the  plane  o£  the  leaf-like  expansion,  and  which  can  be 
.readily  recognised  with  the  lens.  Some  of  the  apices  may  be  seen 
to  be  double,  from  equal  forking,  or  dichotomy,  but  quickly  one 
fork  surpasses  the  other,  the  latter  becomes  pressed  to  one  side, 
and  appears  as  if  laterally  developed.  For  anatomical  investigation 
alcohol  material  is  almost  as  well  suited  as  when  fresh;  but  fresh 
material  can  be  sent  for  great  distances  without  injury,  when 
packed  in  cases  without  water.  In  what  follows,  therefore,  we  will 
concern  ourselves  preferably  with  alcohol  material,  as  this  permits 
section-cutting  much  more  readily.  In  fresh  material  the  swelling 
of  the  tissue  between  the  outer  and  inner  layers  of  the  tballus  is  so 
strong  that  it  prodoces  great  contortion  of  the  sections.  The  outer 
layer  is  in  positive,  the  inner  in  negative  tension  ;  that  is,  the  oater 
layers  are  compressed  by  the  inner  layers,  and  the  latter  stretched 
by  the  outer.  Therefore  in  the  sections  the  outer  layers  lengthen 
and  the    inner  layers  shorten,  and  the  sections  twist.     Prepara- 
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tions  made  from  fresh  mat«rial  mnst  be  examined  iti  sea-water, 
since  they  swell  strongly  in  fresh-water ;  alcohol  material,  oil  the 
other  hand,  we  lay  a  few  days  previously  iiL  a  mistnre  ot  equal 
parts  alcohol  and  glycerine,  and  examine  it  in  the  same.  We  pre- 
pare fiarface  sections,  parallel  to  the  surface  of  the  thallna,  through 
the  midrib  and  the  wings,  (and,  if  we  wish  to  see  only  the  primary 
tisane,  at  not  too  great  a  distance  fro-m  the  growing  point.)  besides 
cross  and.  longitudinal  secfions  through  different  regions.  The 
entire  surface  of  the  frond  shows,  ia  surface  sections,  rectangular 
to  polygonal  cells,  which  are  arranged  more  or  less  clearly  in 
longitudinal  rows,  often  displaced  by  supple  me  utary  divisionsk  In 
ci'oss  and  longitudinal  sections  these  cells  appear  prismatic,  and 
elongated  perpendicularly  to  the  ani'face.  They  are  clearly  distin- 
guishable from  the  layer  of  tissue  which  lies  next  below,  and  we 
will  distinguish  them  as  the  outer  or  epidermoid  layer.  The  cells 
of  this  onter  layer  are  closely  filled  with  olipe-ctdoared  chromato- 
phores.  The  ohromatophores  ha?e  the  form  of  rounded  grains,  or 
are  become  polygonal  by  lateral  pressure,  and  contain  the  diarac- 
teristic  colonring  matter  of  the  Fucaceie,  phsBOphyll.  To  the  onter 
layer  succeed  elements  with  wide  cavities,  which  in  cross-section 
appear  approximately  polygonal,  but,  as  the  longitodinal  section 
shows,  gradually  increase  ia  length  as  we  pass  farther  into  the 
thallus.  They  contain  larger  chromatophores,  which  however  are 
not  so  crowded  as  in  the  outer  layer,  and  therefore  can  be  more 
readily  observed.  We  include  these  cells,  together  with  the  onter 
layer,  as  cortex.  The  cortical  cells  are  connected  together  by  pits 
with  a  porous  closing  membrane.  The  innermost  layer  of  the 
cortical  cells  bears  to  the  midrib  the  character  of  a  ttaickenisg 
layer,  which  commences  its  activity  at  some  little  distance  from 
the  growing  point. — ^By  surface- sections  below  the  cortex,  and  by 
suitable  longitudinal  sections,  we  determine  that  the  interior  of  the 
midrib  consists  of  a  tissue  of  longitudinally  elongated  cells,  ruaaiug 
parallel  to  one  another  and  to  the  long  axis  of  the  frond,  and 
which  are  connected  together  into  threads.  Laterally,  these  cella 
communicate  by  broad  pits,  and  in  part  also  by  short  prolongations^ 
In  the  longitudinal  direction,  the  cells  of  the  threads  are  only 
separated  by  delioato  partition  walls,  which  are  clearly  interropted 
in  a  sieve-like  fashion.  A  similar  structure  is  shown  by  the  par- 
tition walls  inside  the  lateral  prolongations,  and  by  the  closing 
membranes  of  the  pits.  The  threads  are .  separated  latemlly  by 
uu  intercellnlar  jelly,  which  has  arisen  from  the  swelling  of  the 
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middle  lamella  and  outer  thickening  Ihj-ci's  of  the  lotigitotlinftl 
walls  of  the  cells.  The  "  pith"  of  the  midrib  passea  over  laterally 
into  the  "  packing  tissue  "  of  the  tno  win^s,  and  ',his  appears  as  a 
looser  network  of  irregularly  disposed  cells,  constrncted  mnch  as 
in  the  pith.  Here  also  the  partition  walls  in  the  cell-threads  and 
the  lateral  connections  are  thin  and  with  sieve-like  inteiTnptions, 
while  the  longitudinal  wails  have  produced  a  still  more  abundant 
jelly  than  in  the  midrib.  The  contents  of  the  cells  of  the  pith  and 
of  the  packing  tissue  are  poor  in  chromatophorea,  bat  on  the  other 
hand  are  often  rich  in  highly  refractive  grannlea,  which  cannot  be 
i«moved  by  alcohol,  bnt  can  by  ether,  which  become  brown  in 
osmic  acid,  and  therefore  are  recognised  as  fat  oil.  In  each  cell  a 
nncleas  can  be  made  out.  Not  infrequently  the  protoplasmic  cell- 
contents  take  on  a  chambered  strocture  in  the  water  in  which  we 
investigate  them.  With  the  addition  of  iodine,  the  cell-contents, 
eKcladiag  the  oil-drops,  colour  yelloiv-bi-own,  the  nnclei  are  usually 
easily  visible  ;  a  starch  reaction  is  found  nowhere,  and  the  oil  here 
no  doubt  replaces  the  missing  starch.  The  whole  distribntion  of 
the  tissues  leads  to  the  conclusion  that  the  processes  of  assimi- 
lation are  localised  in  the  cells  of  the  cortex,  while  the  cells  of  the 
pith  and  the  packing  tissue  furnish  the  conducting  system.  If  we 
treat  the  sections  with  chlorziuc- iodine,  op  with  iodine  and  sul- 
phuric acid,  we  obtain  in  either  case,  bnt  especially  with  the  latter, 
a  bine  coloration  of  the  walla.  The  firmer  membrane  immedi- 
ately surrounding  the  cell-cavity  colours  deeply,  less  deeply  the 
more  distant ;  in  the  lowest  tissue,  filling  the  wings  of  the  thallus, 
the  coloration  of  the  jelly  tends  to  be  entirely  lost.  The  parts  of 
the  membrane  around  the  cell-cavities  show  distinct  lamination. 
If  we  allow  hfematosylin  solution  to  act  upon  the  section,  the 
layers  around  the  cell-cavities  stain  an  intense  deep  violet,  the 
whole  jelly  takes  a  bright  violet  tone  and  becomes  everywhere 
readily  visible. 

Even  with  the  naked  eye  we  ob.^erved  that  the  thallns  in  its 
older  parts  is  reduced  to  a  midrib  swollen  into  a  strong  stem.  The 
growth  in  thickness  which  brings  about  the  development  of  this 
stem  out  of  a  midrib  takes  place  in  the  innermost  layers  of  the 
cortex.  The  cells  of  these  layers  develop  from  their  lower  end 
sac-like  prolongations,  which,  dividing  by  cross-walls,  and  bi-anching 
from  time  to  time,  grow  downwards  in  the  jelly  between  the 
threads  of  the  pith.  Only  here  and  tliere  one  of  these  thickening 
threads    grows  into  the   packing  tissue   of  the  wings.     Longi' 
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tndinal  sections  through  the  neigh boarhood  where  noticeable 
increaae  of  thickness  of  the  midrib  begins,  shows  as  these 
phenomena  withont  any  difBculty,  If  we  examine  the  oroas-section 
of  the  deeper  parts  of  the  stem,  we  find  it  constructed  internally 
of  sparsely  scattered  cells,  with  wide  cftTity  and  brownish  contents, 
and  in  between  these  by  namerona  closely  pressed  cells,  with 
narrow  cavity  and  greenish  contents.  The  former  are  the  original 
threads  of  the  pith,  which  serve  for  food  conduction  ;  the  latter 
are  those  which  have  been  intruded  in  growth  in  thickness,  and 
have  to  sustain  mechanical  functions.  The  threads  oHginally 
present  have  been  pressed  apart  from  one  another  by  those  formed 
later.  The  base  of  the  stem  and  the  attaching  disk  are,  in  fully 
developed  specimens,  exclnaively  composed  of  these  mechanical 
threads.  In  the  outer  part  of  the  stem  the  tissue  has  also  under- 
gone a  change.  The  cells  of  the  outer  layer  have  become  brown, 
are  dead,  and  are  gradnally  cast  off.  The  second  layer  of  the 
cortex  has  b^un  to  divide  by  periclinal  walls.  We  find  therefore 
in  the  exterior  parts  of  the  stem  radially  arranged  rows  of  cells, 
and  this,  in  stronger  stems,  to  a  not  inconsiderable  degree.  The 
wings  of  the  thallua  gradually  die  up  to  the  midrib,  while  the 
growing  cortical  layer  in  the  periphery  of  the  stem  gradnally 
closes  together. 

If  the  tballna  is  held  np  to  the  light  and  observed  with  a  lens, 
we  notice  a  number  of,  as  a  mle,  irregularly  scattered  dots, 
which  are  wanting  only  over  the  veins  aud  midribs.  Even  with 
the  naked  eye  these  dots  appear  as  protuberances.  On  surface 
sections  each  appears  as  a  round  opening,  surrounded  by  a  pro- 
jecting rim,  and  out  of  which  a  tuft  of  long  haire  project*.  They 
are  pits,  no  doubt  allied  to  the  conccptacles  which  we  shall  study 
hereafter  in  considering  the  sexnal  processes,  and  which  we  will 
call  now  sterile  conceptacles.  If  we  prepare  a  cross  or  longitu- 
dinal section  through  snch,  it  appears  as  a  flask-shaped  hollow. 
The  hollow  is  surrounded  by  the  cells  of  the  inner  cortex.  From 
the  cells  at  the  base  of  the  hollow  arise  long  threads,  composed 
of  elongated  cells,  which  project  from  the  month  of  the  sterile 
conceptacle.  It  is  quite  possible  that  these  hairs  facilitate  the 
absorption  of  nutrient  materials  from  the  surrounding  water. 
In  sections  through  older  parts  of  the  tballus,  we  can  find,  between 
the  long  hairs  in  the  pits,  also  bundles  of  shorter-celled  hairs, 
which  do  not  reach  to  the  month  of  the  pit.  If,  lastly,  still  older 
parts  are  examined,  where  the  pits  present  themselves  as  brown 
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spots,  we  find  the  outer  parts  of  the  long  haire  destroyed,  and  the 
opening  of  the  pits  closed  by  the  basal  parts  of  these  haire,  by 
the  short  hairs,  and  by  a  brownish  mncilage. 

Sections  which  are  taken  throagh  a  young  bladder  of  the  thallns, 
show  its  interior  filled  with  a  plexns  of  the  Bame  threads  which 
we  found  in  the  wings  of  the  thallns.  Scatticred  in  the  jelly 
between  the  threads  are  bubbles  of  gas,  which  sometimes  tear  the 
loose  tissue  and  form  large  air-chambers.  The  older  bladders  are 
quite  hollow,  filled  with  air,  remnants  of  the  threads  of  cells  being 
found  on  the  wall.  This  latter  is  covered  by  the  outer  layer,  and 
shows  a  thick  cortex,  arisen  from  the  tangential  division  of  the 
other  cortical  cells. 

The  small  but  widely  distributed  family  of  the  Characes  (or 
Stoneworts)  occupies  a  well-nigh  isolated  position  in  the  Vegetable 
System,  but  can  best  be  included  amongst  the  green  Algee.  They 
are  characterised  by  a  remarkable  vegetative  structure,  and,  as 
we  shall  see  hereafter,  by  a  still  more  remarkable  structure  of  the 
sexual  oi'gans.  They  are  not  at  all  uncommonly  found  growing 
at  the  bottom  of  ponds  and  streams,  and  ia  bog  holes,  forming 
long  dense  tnfts  of  green  thread-like  stems,  rooted  in  the  mud  by 
means  of  delicate  hairs,  or  ihizoidB. — The  stoneworts  are  divided 
into  two  genera,  Nitella  and  Chara,  distinguished  for  our  present 
purpose  by  differences  in  the  structure  of  the  stem.  As  the  more 
simply  oi^anised,  we  may  commence  our  study  with  Nitella.  The 
slender  axis  examined  with  the  naked  eye  is  seen  to  be  segmented, 
long  bare  segments  alternating  with  whorls  of  appendages.  The 
former  are  the  iuternodes,  the  latter  arise  from  the  nodes.  We 
have  here  therefore  an  apparent  approach  to  the  condition  of 
affairs  met  with  in  the  flowering  plants  already  studied.  Each 
internode  consists  of  a  single  very  elongated  cylindrical  cell.  The 
pi-ineipal  characteristics  of  this  intemodal  cell  we  have  already 
examined  (see  p.  37).  It  possesses  a  firm,  well -developed,  tran- 
sparent cell- wall ;  "underlying  this  is  a  lining  layer  of  protoplasm, 
in  which  are  embedded  innnmerable  regularly  arranged  chloro- 
phyll-bodies, with  thin  layers  of  protoplasm  between  them.  Within 
the  stationary  layer  is  a  layer  of  protoplasm  in  the  active  streaming 
movement  known  as  rotation.  The  general  cavity  of  the  cell  is 
filled  with  cell-sap.       The  neutral  lines  will  be  readily  Tisible; 
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these,  and  the  lines  of  chlorophyll- bodies  pass  spirally  along  the 
cell.  The  node  consists  of  a  single  disk-like  cell,  on  the  edges  of 
which  are  borne  appendages  ("leaves,"  or  "branches  "),  likewise 
consisting  each  of  a  thread  of  cells.  From  the  lowermost  nodes 
arise  long,  often  branched  rhi^oids,  divided  by  oblique  partition 
walls.  As  we  pass  higher  up  the  stem  the  internodea  become 
progressively  shorter,  and  the  nodes  and  their  appendages  there- 
fore nearer  together,  until  at  the  snmmit  they  are  crowded  together 
into  a  terminal  bud.  Dissect  ont  this  bnd  under  the  microscope 
by  means  of  needles.  This  is  best  done  from  materials  laid  tor 
from  12  to  2i  honrs  in  a  1  p.  c.  watery  solution  of  chromic  acid. 
The  hud  is  laid  upon  a  slide,  and  with  needles  the  lowest  portions 
are  successively  removed  so  long  as  it  appears  safe  to  do  so. 
These  portions  are  then  removed  out  of  the  way,  a  small  drop  of 
glycerine  added  to  the  specimen,  the  cover-glass  laid  on,  and  by 
gentle  pressure  with  the  needles  upon  the  cover-glass,  while 
observing  through  the  microscope,  the  bud  slightly  crushed.  It 
is  probable  that  the  bud  will  open,  and  expose  its  apical  structure. 
At  the  apex  is  seen  a  single  hemispherical  cell,  the  apical  cell,  in 
which  is  visible  a  well-defined  protoplaaniic  body,  and  a  rather 
irregularly  shaped  nucleus.  In  some  cases  two  nnclei  will  be 
seen,  placed  one  nearer  the  flat  side  of  the  cell,  and  the  other 
nearer  the  free  apes ;  such  a  cell  is  about  to  divide.  The  dividing 
wall  is  formed  parallel  to  the  flat  wall  of  the  apical  cell.  In  this 
way  cells  are  cut  off  from  the  apical  cell.  The  cell  which  resulted 
from  the  previous  division  will  be  seen  adjoining  the  flat  wall. 
Tracing  back  from  the  apical  cell,  it  will  be  seen  that  the  cells 
become  alternately  nodal  and  intemodal  cells. 

Let  as  now  turn  to  Ckara,  selecting  for  the  purpose  the  widely 
spread  C.fragilis.  Externally  this  plant  resembles  Nitella,  bnt  it 
will  be  seen  upon  examination  that  the  internoda!  cells,  instead  of 
being  naked,  are  covered  with  a  layer  of  colla  which  we  call  the 
cortex,  consisting  of  slender  cells  which  are  themselves  divided 
into  oell-rowa.  Similarly,  the  nodes  are  flat  disks  of  cells,  of 
which  the  estemal  ones  give  rise  to  the  whorls  of  appendages 
fcnd  also  to  the  cortical  cells.  Bhizoids  arise  from  the  lower 
nodes,  as  in  Nitella.  The  leaves  are  segmented  like  the  stem,  and 
from  their  lower  nodes  produce  leaflets.     The  terminal  cell  of  tho 
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leaf  has  no  oortex,  and  in  it  the  general  features  of  tlie  iaternodal 
cell  of  Nitella  are  repeated.  The  bad  resembles  that  of  Nitella,  es- 
ceptiug  that  the  nodal  celln  undergo  early  segmentation  by  TCrtical 
walls,  BO  as  to  produce  a  disk  consisting  of  a  central  and  a  layer  of 
e:^terual  cells,  these  latter  growinj^  oat  in  such  fashion  as  to  over- 
1(1  p  the  undivided  internodal  cells,  and,  by 
subseqnent  division,  produce  the  cortex. 
The  Cladophoreie'  present  themselvea 
to  ns  as  abundantly  branched  green 
threads,  whose  segments  decrease  in 
thickness  with  the  grade  of  the  branch- 
ing. They  are  the  most  widely  dis- 
tributed of  all  fresh-water  algfo,  and  any 
species  is  suited  for  examination.  The 
determination  of  species  is,  however, 
very  uncertain  in  this  genns.  We  select 
a  dark-green,  undulating,  tuft-foi'ming 
Oladophora  glomerata  for  further  examin- 
ation. This  is  eorymbosely  branched, 
the  side-shoots  arising,  as  in  ail  other 
CladophoreoB,  from  the  upper  end  of  the 
constituent  cells.  The  branching  pro- 
ceeds acropetally,  so  that  the  end  cells 
of  the  branches  act  as  apical  cells.  Sub- 
sequently branches  arise  also  from  the 
older  segments,  producing  what  we  may 
call  adventitiona  shoots.  With  sufficiently 
strong  magnification,  the  green  peri- 
pheral protoplasmic  layer  of  the  cells 
shows  to  be  composed  of  small  polygonal 
plates,  the  chromatophorea  (Fig.  75,  ch), 
separated   by  delical*    colourless    liaea.      Jl°- ^^nT^tu^Z  tIZ'i, 

In    each    plate    more    or    less    numerous       chrDmLc-CBrmtne     preparation. 

pale  grains  (of  starch)  can  be  seen  ;  be-      ^kona  (coiour-'bcHiiog)  -  v  ••my- 

sides  these,  in  some  plates,  lie  compara~ 

tively    large,   more    or    less    regularly 

globular   bodies,    more    strongly   refractive,    which    are  generally 

known  as  amylmn-bodieB,  and  more  recently  as  pyrenoids'  (p), 

and  in  which  an  inner  grain  is  more  or  less  clearly  distinguishable 

from  an  outer  layer.     The  cells  are  seen  to  be  filled  internally  witli 
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cell-anp,  which  is  traversed  by  coloarless,  exceedingly  thin  proto- 
plasmic plates,  which,  proceeding  from  the  peripheral  layer,  divide 
the  cell  cavity  into  irregnlar,  unequal,  polygonal  chambers.  Here 
and  there  cbromatophores  [coloar-bodies]  can  bo  seen  in  the 
inner  protoplasmic  plates.  By  focnsaing  so  as  to  get  an  optical 
section,  it  will  be  seen  that  colonrless  protoplasmic  balls  here 
and  there  project  from  the  peripheral  protoplasm  into  the  cavity 
of  the  cell.  These  are  the  nuclei,  in  which,  in  especially  favour- 
able situations,  a  nucleolus  can  also  be  distinguished.  In  Clado- 
phora,  as  is  clearly  proved  by  this  examination,  we  have  to  do 
with  multinuclear  cells.  If  now  the  preparation  is  somewhat 
firmly  crushed,  we  see  in  the  flattened  cells,  the  contents  of  which 
are  somewhat  withdrawn  from  the  walls,  the  individual  chloro- 
pbyll-plates,  separated  from  one  another,  and  rounded.  At  the 
same  time  the  small  grains  and  amylam-bodies  show  up  clearly 
in  the  cbromatophores,  which  now  appear,  like  the  chlorophyll- 
grains  of  higher  plants,  acted  upon  by  the  water.  If  we  now 
add  a  little  potassium- iodide -iodine  solution  to  the  preparation, 
the  small  grains,  and  also  the  outer  layer  of  the  amylum-bodies, 
colour  violet ;  iu  the  green  ohromatopbores,  however,  they  appear 
brown,  and  the  partially  visible  nuclei  also  take  a  brown  colour. 
We  must  not  omit  in  this  preparation  to  look  out  nninjnred  cells, 
in  which  starch-grains  and  amylum-bodies  are  stained  in  their 
natural  position,  and  are  very  well  defined,  and  wo  can  also,  by 
deeper  focussing,  distinguish  the  nuclei.  We  now  examine  another 
thread,  which  we  lay  directly  into  a  drop  of  picric -alcohol,  when 
the  nuclei  of  the  amylum-bodies  are  sharply  defined  in  the 
yellowish-brown  stained  protoplasm.  Sufficiently  strong  magni- 
fication presupposed,  these  bodies  appear  angular ;  they  are  protein 
crystal!!,^  of  which,  moreover,  two  not  infrequently  lie  in  an  amy- 
lum-body.  After  a  short  time  irregular  brown  bodies  appear  in  the 
chlorophyll -plates,  which  proceed  from  the  disorganized  chloro- 
phyll, and  give  us  the  hypochlorin or  chlorophyllaii  reaction^.  The 
same  reaction  will  be  obtained  under  the  influence  of  other  acids. 
However,  in  order  to  be  able  to  study  the  naeieus  more  closely, 
and  to  obtain  a  complete  insight  into  their  distribution,  we  will 
bring  other  methods  into  use.  This  will  besides  give  us  oppor- 
tunity of  learning  some  approved  methods  of  "  fixing "  and 
staining,  which  histological  studies  have,  in  recent  times,  to  thank 
for  not  unimportant  advances.  We  place  some  branches  of  the 
Cladopkora  in  I  per  cent,  chromic  acid,  other  small  portions  in  con- 
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centrated  picrii!  acid,  Btill  others  in  1  per  cent,  chi-om -acetic  acid 
(chromic  acid  07  per  cent.,  acetie  acid  03  per  cent.)  '.  In  doinf; 
this,  we  must  take  care  that  the  reagent  is  at  leaat  100  times  tlie 
bulk  of  the  object  to  be  fixed.  The  1  per  cent,  ehromic  acid,  and 
the  chrom-acetic  acid,  we  allow  to  act  for  some  hours,  even  without 
disadvantage  for  24  hours,  and  the  picric  acid  for  about  24  hours. 
All  these  objects  mnst  afterwards  be  washed  most  carefully  in 
distilled  water;  they  can  with  advantage  remain  for  np  to  24 
hours  in  water  which  is  frequently  changed.  Specially  careful 
treatment  ia  required  by  the  picric-acid  preparations  when  they 
have  to  be  stained  with  htwaatin- ammonia.  —  The  variously 
"  fixed  "  and  well- washed  preparations  are  now  laid  in  watch 
glasses  with  Beale's  carmine,*  with  Thiersch's  or  Grenacher's 
borax -carmine,  and  also  with  Hoyer'a  oewtral  carminic- ammonia. 
In  Beale's  carmine  the  sections  mnst  remain  for  up  to  24  hours, 
about  half  th&  time  in  Hoyer's  carmine,  several  hours  in  borax- 
carmine.  Another  portion  of  the  threads  we  stain  with  Grenacher's 
or  Boehmer's  htematoaylin  [logwood],  which,  if  it  is  to  stain  well, 
must  be  as  old  as  possible.  This  solution  is  used  very  greatly  dilated. 
It  ia  best,  from  time  to  time,  to  control  the  extent  of  the  staining  of 
the  object  by  alight  examination  under  the  microscope,  and  to  take 
it  out  when  it  has  taken  up  sufficient  colour  material. •  If,  in 
spite  of  this  care,  the  object  shonld  be  overstained,  that  ia  shonld 
be  stained  too  darkly,  it  is  laid  in  pure  water,  or  in  watery  alum 
aolution,  or  in  water  containing  a  trace  of  hydrochloric  acid,  and 
left  in  the  fluid  in  question  until  the  intensity  of  the  coloration 
is  diminished  to  the  required  degree.  If  the  preparation  haa  been 
treated  with  acidulated  water,  it  is  necessary  afterwards  to  wash 
the  preparation  for  some  minntes  in  veiy  weak  ammonia  water. 
In  order  to  be  able  to  stain  the  preparation  according  to  the 
hse matin- ammonia  method,*  we  must  have  previously  removed 
from  it  every  trace  ot  picric  acid.  For  this  purpose  we  transfer 
it  to  a  comparatively  laig-e  quantity  of  boiled  water,  which  wn 
repeatedly  change.  In  this  water,  freed  from  carbonic  acid  gas 
by  its  previous  boiling,  the  object  remains  for  from  24  to  48  hours, 
after  which  it  can  be  stained.  For  this  povpose  we  throw  some 
crystals  of   htematoxylin  in  a  small  quantity  of    distilled  water, 

*  This  IB  perhaps  best  effected  it,  instead  o[  staining  in  a  iratali-glikBS,  tba 
process  ia  carried  on  upon  an  object-slide,  ia  which  a  round  or  oval  holiow  h*» 
been  gconnd.  The  slide  can  be  placed  bodily  on  the  stage  ol  tlie  micioEcope, 
aud  is  handier  in  use  lor  this  than  a  watob-glass.  [Ed.] 
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Emd  aSrate  it  with  ammonia  gaa.  This  l&ttei-  we  effect  with  tlio 
aid  of  a  wash-bottle  containing  Bome  ammonia  solution,  in  which 
the  two  glass  tnbes  do  not  reach  the  flaid.  The  haematoKylin  now 
dissolves  with  a  beautiful  violet  colour.  The  solution  is  greatly 
diluted  with  distilled  water,  and  the  preparatioa  allowed  to  lie  in 
it  for  abont  two  hours.  The  exact  time  for  coloration  can  hero 
also  be  directly  controlled.  The  preparation  is,  with  advantage, 
somewhat  overstained,  and  afterwards  steeped  for  several  hours 
in  distilled  water.  This  method  of  staining  is  somewhat  trouble- 
some, but  often  gives,  however,  the  most  exquisite  results.  Pre- 
parations hardened  otherwise  than  with  picric  acid,  are  little 
suited  for,  staining  with  hsematin-ammonia.  The  preparations 
treated  with  Beale's  carmine,  with  borax- carmine,  or  with  Hoyer's 
carmine,  are  likewise  most  beautiful  when  they  are  overstained, 
and  afterwards  laid  for  some  time  in  a  watch-giaaa,  in  50  per  cent, 
to  70  per  cent,  alcohol,  to  which  ia  added  a  drop  of  hydrochloric 
acid.  For  this  purpose  we  can  keep  ready  prepared  a  solution 
of  about  I  per  cent,  hydrochloric  acid  in  70  per  cent,  alcohol. 
Previously  these  preparations  show  a  more  or  less  diffused  color- 
ation; they  first  acquire  a  definite  staining  in  the  hydrochloric- 
alcohol.  The  preparations  laid  in  acidulated  alcohol  are  in  all 
cases  washed  afterwards  with  alcohol  containing  no  acid. 

If  after  completed  examination  we  wish  to  mate  permanent 
preparations  of  the  stained  objects,  we  choose  for  our  preserving 
medium  either  glycerine  or  glycerine- jelly,  or,  for  carmine  prepa- 
rations, Hoyer's  mounting  fluid.  If  the  htematoKylin  stain  is  to  be 
preserved  in  glycerine  or  glycerine- jelly,  this  must  be  completely 
free  from  acids.  The  foregoing  preparations  mnst  not  be  trans- 
ferred immediately  to  the  enclosing  medium  in  question,  as  other- 
wise the  cells,  as  the  result  of  sudden  withdrawal  of  water,  would 
collapse.  These  preparations  are,  therefore,  first  laid  in  very 
dilute  glycerine,  which,  by  standing  exposed  to  air,  very  slowly 
concentrates.  The  threads  can  then,  without  prejudicial  results, 
be  transferred  to  giyccHue,  or  to  glycerine-jelly.  The  glycerine 
prepai-ations  are  closed  with  Canada  balsam.  The  glycerine- jelly, 
or  Hoyer's  mounting  fluid,  needs,  as  we  have  already  seen,  no 
further  enclosing.- 

We  will  now  submit  the  various  preparations  to  close  study, 
and  find  that  the  chromic  acid,  or  chromic  acid  mixture,  prepare* 
tions,  stained  with  forms  of  carmine  on  the  one  hand,  and  pre- 
parations which  are  suitably  fixed  and  stained  with  hiematoxylin 
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and  htematin- ammonia  on  the  other  hand,  Rbow  themselves  in  the 
foregoing  cases  to  be  the  best.  It  must,  however,  he  explicitly 
stated  that  this  result  is  limited  only  to  the  objects  in  qnestion, 
and  for  other  objects  another  method,  which  here  is  less  advan- 
tageouB,  might  have  the  preference.  It  also  happens  only  too  fre- 
quently that  a  stain  formerly  approved  fails  for  unknown  reasons, 
and,  therefore,  a  conclusion  should  never  be  based  upon  an  isolated 
case.  In  general,  the  fixing  and  staining  of  the  cell- contents  has 
become  a  special  art,  which  must  be  learnt,  and  requires  practice, 
so  that  in  our  first  attempts  we  mnst  be  prepai-ed  for  failures. 
We  have  chosen  Gladophora  as  a  suitable  object  for  introduction 
to  the  various  methods  of  hardening  and  staining  ;  whoever  wishes 
to  limit  himself  to  the  most  certain,  rarely  failing,  method,  will 
hai'den  in  the  above  way  in  1  per  cent,  chromic  acid,  and  after- 
wards stain,  one  part  with  borax- carmine,  another  with  hema- 
toxylin.    The  boras-carmine  stain  almost  always  sncceeds. 

In  the  borax-carmine  preparation  (Fig.  74),  the  nuclei  stand 
ont  quite  sharply.  The  amylnm-bodies  (pyrenoids),  together  with 
the  rest  of  the  protoplasm,  remain  as  good  as  unstained,  and  the 
starch-grains  also  take  no  coloration.  The  amyluro-bodiea  now 
show  clearly  in  their  interior  the  more  strongly  refractive  protein 
crystal,  which  is  surrounded  by  a  hollow  ball,  vrhich  gave  us 
earlier  the  starch  reaction  with  iodine.  The  nuclei,  to  which  we 
specially  turn  our  attention,  are  distributed  pretty  uniformly  in 
the  cell;  they  lie  on  the  inner  side  of  the  chlorophyll-la jer,  and 
project  into  the  cavity  of  the  cell.  Each  noclens  shows  a  more 
darkly-stained  nucleolus,  and  appears,  besides,  as  if  finely  granu- 
lar or  finely  porous.  The  hsematoxylin  or  h(ematin  preparations 
show  the  nuclei  stained  dark,  and  besides,  though  moi'e  faintly, 
the  crystal  in  the  chlorophyll-vesicle.  The  stareh- grains  are  not 
stained,  but  on  the  other  hand  the  microaoniata  (microsomes)  of 
the  cell  protoplasm  are,  and  almost  as  darkly  as  the  crystals  of 
the  chlorophyll-vesicles  (amylnm-bodies). 

The  genns  Spiragyra  furnishes  us  with  a  simple  filament  or 
thread  of  cells.  We  choose  for  examination  a  species  which  has 
a  central,  readily -visible  nucleus.  So  constituted,  for  example, 
is  Spirogyra  m.ajascula^'*  [S.  orthospira],  which  is  met  with  now 
and  then,  not  exactly  rarely,  but  sporajiically,  in  pools.  For 
this  purpose  other  species  with  central  nucleus  will  serve  eqcalty 
well  for  examination,  and  will  difEer  but  slightly  in  the  essential 
relations  of    their   structure.       If    once   in   possession   oE    good 
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Spirogyra  material,  yoa  should  endeavour  to  preserve  it  in  cultf- 
vation.      This  is  eiTected  best  in  comparatively  shallow    vessels, 
whose  walls  are  either  opaque,  or  are  made  opaque  by  means  of 
bl^k  paper,  as  light  falling  nnilaternlly  acts  disadvantageously. 
The  veasela  must  stand  in  a  light  place,  but  protected  from  the 
direct  action  of  the  snn.     Into  either  river  or  spring  water,  which 
is  not  too  rich  in  chalk  [too  "hard'^,  are  thrown  fi-om  time  to 
lime  boiled  pieces  of  turf  soaked  in  a  nutrient  flnid.     This  nntrient 
fluid  will   be  pi-epared  suitably  if  we  add  to  1000  com.  water,  1 
gram  nitrate  of  potash,  |-gram  sodium  chloride,  ^-gram  sulphate  of 
lime,  Igram  sulphate  of  mt^nesia,  j-gram  finely  pulverized  phos- 
phate of  lime,  and  to  it  add  a  few  drops  of  ferric  chloride  solution." 
Under   such  circumstances  the  Spirogyra,  and   fresh-water  algEB 
in  genei'al,  thrive  well.     The   cells  of   Spirogyra  majiiscula,  when 
fully  developed,  are  about  IJ  to  twice  as  long  as  thick  (Pig.  76). 
The  cell- wall  is  lined  by  a  de- 
licate, colourless,  peripheral 
layer   of   protoplasm,   which 
becomes  clearly  visible  if  the 
cells  are  plasmolysed,  i.e.,  if 
the  protoplasmic  body  of  the 
cell  is  made  to  contract  by 
some  water- withdrawing  me- 
dium, such  as  sugar- solution, 
glycerine,  solution  of  common 
,J"\  "'■-Si';™!',''"  ™«>««tfl.*  A  cell  oE  ■     aait  OP  of  salt-petre.    To  the 

thretu)  erftdofiUy  fncuasflij  into,  ghowinsf  Ihirm-  »  r 

fore,i»Hiaea  tbe  cbinroph.iiL.iiBnrts.tJio  nucleus      colourless  lining-layer  follow 

niUi  ita  BuBpeDillugttareada  (x  ilD).  a      J 

8   to   10  ohlorophyll^bands, 

which  usually  appear  pretty  steep  and  closely  wound.  The  bands 
have  a  finely  undulating  outline,  and  are  transparent  enough 
to  admit  of  a  view  into  the  interior  of  the  cell.  At  irregular 
distances  in  the  bands  are  imbedded  denser,  globular,  colourless, 
bodies — ^the  amylum-bodies  with  which  we  are  already  acquainted. 
The  amylom-bodies  show  a  prof«in-crystal,  and  a  hollow  globe 
of  small  starch -gi'ains  as  an  enclosing  sheath.  We  I'ecognise 
tho  angular  outline  of  the  crystals  even  without  reagents ;  they 
stand  out  more  sharply  if  some  picric  alcohol  is  run  under  the 
cover-glass.     By  treatment  with  potassium-iodide- iodine,  from  the 

*  The  synonymy  o(  the  SpirngnTn  majaicnia  of  the  teit  ia  rather  bbscnre. 
This  figure  dcies  sot  resemble  S.  tiMJvtcula  of  Kutz.  — .*<.  orili-tpiia,  of  Nag. 
and  Aroher.  The  most  cnmmon  of  the  tbick-thteacled  SpirogAras  in  Britaia  is 
^.  nitida.    The  ligure  more  resembles  S.  orbku!ari$  of  Hasaall.     [Ed.] 
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Mnjoint  Btaining  of  the  starch- sheath  and  the  protein  crystal,  the 
whole  bocly  appears  dark-brown.  Chlorzino  iodine  acta  very  effec- 
tively, making  the  ttarch- grains  swell  to  a  clondy  bine  film, 
through  which  the  crystal  shows  clearly.  The  central  nnclens  in 
this  species  ia  spinctle-shaped;  it  becomes, nevertheless,  by  presanre 
npon  the  cell,  bronght  out  of  its  position  and  visible  from  its  side, 
and  then  presents  the  form  of  a  disk  ;  it  has,  therefore,  in  reality 
the  form  of  a  bi-convex  lens.  In  its  centi-e  lies  a  large  distinct 
nUcleolTis  ;  seldom  two  or  three  snoh  bodies  are  distribated  sym- 
metrically in  the  interior  of  the  nnclens.  In  other  more  nearly- 
allied  species  the  nnclens  is  thicker,  and  appears  in  its  natural 
position  in  the  cell  as  reotangnlar,  with  roonded  corners.  The 
nnclens  is  surrounded  by  a  very  thin  layer  of  protoplasm,  from 
which  delicate  protoplasmic  threads  rnn  out  towards  the  peiipheral 
protoplasm  of  the  cell.  By  these  threads  the  nucleus  is  suspended 
in  the  cell-sap  filling  the  cavity  «f  the  cell.  The  thi'oads  all  arise 
from  the  thin  margin  of  the  nucleus,  usually  fork  repeatedly 
in  their  course,  and  join  on  to  the  inner  side  of  the  chlorophyll 
bands,  and  in  all  cases  at  the  projecting  parts  which  cover  the 
chlorophyll-vesicles  (pyrenoids).  We  can  convince  ot-rselves  of 
this  in  most  cases  easily  by  slowly  changing  the  focus. 

NOTES  TO   CHAPTER  XIX. 

'  H.  Hoffmann,  Iconet  antd.  fung.,  I.-IU. ;  De  Bary,  Uorpb.  d.  PiUt,  eto., 
pp.  49  et  seq. 

'  On  the  pits  in  the  pftrtition  vslisal  the  Florides,  eompttTeBotaet,  Etuda 
pligcologigjui,  p.  lOOi  and  3cbmiU,  SUber.  d.  kifl.  Akad.  d.  WUi.  ■.  Berl,  188S, 
p.  3ifi. 

■  bohmitz,  SipJionoeladiaceen,  p.  17 ;  StraBborgai,  ZtUbild,  u.  Zelttk.,  HL 
Aufl.,  p.  204. 

*  ^ahraiiz,  Clcromatophoren  d.  Aigtn, -p.  il  \  compare  oleo  pp.  16  and  3S. 

'  Aceording  to  a,  lomravmication  from  A.  W.  Scbimper. 

<  FringsLeiia,  GEpeciall;  in  tha  Jahrb.  fttr  uii>i.  Bot.,  Bd.  XII.,  p.  294;  A. 
O^gchirsch,  Ber.  der  deat.  bot.  Qtiell.,  Bd.  I.,  p.  140,  where  the  literature  is  also 

'  Flemming,  in  Kernsubttam,  Kera-  und  ZelUheiluag,  13S2,  p.  379,  ivhere 
the  literature  also  is  given. 

'  The  property  of  the  nucleus  to  take  up  and  accumulate  coloming  matters 
wan  discovered  by  Th.  Hartig:  "Ueber  das  Terfahren  bei  Behandlung  des 
Zellkerna  mit  Farbstoftan,"  Bot.  Zcil.,  1854.  col.  877.  Knticicklunoigeich.  d. 
F^flkei-iiu,  1858,  p.  154.  In  animal  histology  the  treatment  nas  introduced  by 
Oerlach.     Mikr.  Stud.  a.  d.  Geb.d.  meiiKhl.  Morpholg.,  1858. 

'Compare  Schmitz,  Slibr.  d.  nieiltrrh.  OestJi^cA.,  13th  July,  1880;  separate 
leprint,  p.  2. 

>"  Btrasbuiger,  ZellbUdiing  iin4  Zelllkeliung,  III.  Aufl.,  p.  173. 

1'  Hutrient  ftuid,  according  to  Saohs,  Voiiiatvigen  liber  PJlanita-Phyiiologi* 
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DIATOMACES:,  PnOTOCOCCUB,  YEAST.  SCHIZOPHTCE^,  (SPLITTINO 
ALaM). 

Hatebial  Wanted. 
Rome  large  diatom,  e.g.,  Pinnularia  (Navicula)  viridii.     Living, 
Pi-otocoectu  virldii,  from  a  tree  trunk.    Living. 
llaiiaaiuiuccaii  (Piolocucctt*)   pluoialU  ivora  a    water- Ijutt    cir  nxif- 

guttpr.    Living. 
Yeast  {Saceharomycee  cerevhim).  from  a  brewei-y.     Living. 
Anahcmia  Azolhs,  or  AzoUa  caroUniana.    Living. 
O'cillarla,  ap.,  from  standing  water  or  wet  soil.    Living. 
Ghocapta,  ep.,  from  damp  walls,  or  the  glass  of  a  fernery.    Living. 

The  Diatomacesa  or  Bacillariaceee  are  nnicellolar  organisms,  occupy- 
ing an  intermediate  position  between  animals  and  plants,  and  form 
an  isolated  gronp.  The  most  favourable  object  npon  which  to  get 
information  as  to  the  stmctare  of  the  Diatomaceffi  is,  perhaps, 
Pinnularia  [NaviaulaJ  viridia,^  a  species  very  oonamon  in.  standing 
and  flowing  {resh  water.  It  is  disfcingnished  amongst  fresh- 
water forms  by  its  comparatively  large  size,  and  allows  in  general 
an  easy  insight  into  the  structural  relations  o£  its  body.  Under 
the  microscope,  in  which  we  must  study  them  with  the  strongest 
objective  at  onr  command,  they  appear  either  in  the  form  of  an 
elongated  ellipse  or  as  a  rectangle  with  somewhat  rounded  ends. 
In  the  former  case,  we  see  them  from  the  side  of  the  vidve 
[firostnle]  (Fig.  77,  A),  in  the  latter,  of  the  girdle  [or  joint  of  the 
valves]  (Fig.  77,  B).  We  will  call  these  the  valve-Bide  and  girdle- 
side  respectively.  On  the  valve-side,  the  cell-wall  appears  marked 
with  narrow  furrows,  running  from  the  edges  towards,  bnt  with- 
ont  reaching,  the  middle  (compare  the  figure).  They  are  usually 
considered  to  be  depressions  in  the  outer  surface  of  the  valve,  i.e., 
thin  places  therein.  The  central,  smooth  space,  free  from  the 
[arrows,  shows  at  its  middle  and  each  end,  a  strongly  refractive 
thickening,  which  we  distinguish  as  a  nodule.  The  two  end 
nodules  are  joined  to  the  median  nodule  by  a  line,  which  bende  out 
symmetrically  close  on  either   side  of   the  median  nodule,  and 
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ends  in  a  sliglit  enlargement.  The  end  nodnles  are  anrronnded 
by  tke  ends  of  the  line  in  the  form  of  a  crescent,  to  permit  ■which 
the  lines  bend  out  at  both  ends  latei'ally  in  the  same  direction  aa 
at  the  median  nodule.  In  its  course  between  the  nodules,  the  line 
broadens  a  little.  We  assnme  that  it  is  a  cleft  leading  into  the 
inteiior  of  the  cell ;  it  ia  the  raphe.  The  furrows  do  not  pass  on 
to  the  girdle  aide  (iJ) ;  we  see  them  only  at  the  edges  o£  the  figure. 
By  focussing  for  the  optical  section,  and  careful  examination  of 
the  ends  of  the  cell,  we  can  demonstrate  the  remarkable  fact  that 
the  middle  line  of  the  wall  is  double.  From  exhaustive  investi- 
gation, it  ia  settled  that  there  is  here  an  overlapping,  box-wise,  of 
the  separate  parts  of  the  wall.  At  the  edges  of  the  two  elliptic 
wall-segments,  which  we  saw  in  the  view  of  the  valve-side, 
portions  of  a  membmne  adjoin,  which  end  with  free  margins.  The 
wall  of  this  cell,  therefore,  consists  of  two  halves,  of  which  the  one 
is  inserted  inside  the  other.  The  structure  of  this  wall  indicates 
throughout  that  of  an  elliptic  box  with  a  cover  placed  upon  it. 
The  side  walls  of  the  cover  are  just  as  high  (deep)  as  those  of  the 
box,  but  they  are  not  com.pletely  slipped  the  one  into  the  other. 
If  we  return,  in  onr  coll,  from  the  optical  section  to  the  surface 
view,  we  can  follow  the-  thin  edges  of  the  two  halves  of  the  cell  as 
delicate  lines.  The  grooved  surfaces  of  the  cell-wall  we  distin- 
guished as  valves,  the  smooth  free-ending  side  walls  as  girdJes, 
whence  the  nseof  the  terms  in  question  to  indicate  the  two  views. 
In  Pinnularia  it  is  easy  to  free  the  one  half  of  the  cell-wall  from 
the  other  by  pressure  or  by  chemical  reagents,  and,  moreover,  here 
and  there  dead  specimens  are  found  in  which  this  process  has 
more  or  less  completely  taken  place.  With  pressure  the  girdles 
easily  break  at  some  little  distance  from  their  edge,  and  along  a 
line  parallel  with  it.  These  lines,  one  near  each  edge,  and  there- 
fore two  in  girdle-view,  are  often  recognisable,  and  may  be  thin 
parts  of  the  girdle.  They  do  not  extend  to  the  ends  of  the  Cell. 
The  contenta  of  the  cell  preaent  a  aomewhat  JifEeront  appearance 
according  to  whether  we  have  a  valve-  or  girdle-view.  In  the 
former  (Fig.  77,  A),  a  median  clear  strip  ti-aversea  the  cell  from 
end  to  end ;  the  colourless  cytoplasm  of  the  cell  is  therefore  visible. 
In  the  mid-length  of  the  cell  it  appears  collected  into  a  bi-concave 
protoplasmic  bridge.  In  this  "bridge"  lies  the  nucleus,  not 
always  readily  visible  without  the  use  of  reagents,  and  with  a 
comparatively  large  nncleolTia.  Bounding  both  sides  of  this  o'ear 
band,  with  a  tolerably  smooth  or  undulating  outline,  are  the  brown- 
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coloured  chramatophores  (colour-bodies),  the  endooliroiae  plates. 
These   lie,  therofoi'e,  on   the   aides  of  the   girdle.     In  the   proto- 
plasmic "bridge  "  can  be  aeen  narrow  rodlets,  connected  in  pairs, 
the  meaning  of  which  ia  nnknown.     Lastly,  in  the   cell-sap  lie 
usually,  bat  not  always,  larger  and  smaller  Oil-drops.     In   the 
gii-dle-view  the  cell-body  appears  uniformly  brown,  because  here 
the  chromatophore  covers  the  whole  colonrless  peripheral  proto- 
plasmic layei'.     Only  at  the  two  extreme  ends  o£  the  cell  does 
the  coloni'less  protoplasm  come  to  view.     The  chromatophore  is 
nniformly  dense  and  noiformly  coloured, 
without  visible  differentiation.   In  girdle- 
view  also  the  central  collection  of  proto- 
plasm appeaM  to  have  the  form  of  a 
bi-concave  bridge. 

If  we  examine  now  our  former  pre- 
paration of  Cladophora,  we  are  pretty 
certain  to  find  diatoms  clinging  to  this 
aiga.  They  were  fixed  and  stained  at 
the  same  time  with  the  alga,  and  we 
shnll  see  the  stained  nucleus  beautifully 
ill  each  cell. 

Amongst  a  large  number  of  examples 

of  Finnularia  we  may  here   and   there 

find  one  doable.     These  are  sister-cells, 

which  have  recently'  resulted  from  the 

division  of  a  mother-cell.     They  cling  to 

one  another  with  their  valve  sides,  and, 

if  the  wall   is  fully  developed,  we  can 

determine  that  the  girdles  of  the  two 

inner  valves  are   inserted    in   the   two 

Bio.  77  — Pinnuiorio  nividi*.      0™**^  valves.     After  division  of  the  eon- 

A,  Vie>T  oE  ibe  vatvs.aide.  B,      tonts   of    the    mother-cell,   these    inner 

lOHO  1  Bgu    e-si    (x       ).      fifiiyea   of   the  wall   are   developed   for 

each  individual.     Each  cell,  therefore,  has  an  older  and  a  younger 

half  of  its  wall     i.e.,  one  valve,  the  outer  one,  belonged  to  the 

mother-cell,  and  the  other,  inner  valve,  is  peculiar  to  the  present 

individual,     and  this  considei'atioD  shows  that  the  diSerence  of 

iige  between  the  two  valves  may  bo  very  considerable. 

The  Finnularia  cells  are  motile.  They  commonly  progress  in 
the  direction  of  their  long  axis,  either  uniformly  or  by  jerks,  also 
turning  off  now  and  then  laterally  from  their  path.     They  do  not 
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swim  free,  bnt  rather  creep  on  some  snbBtratnm,  and  it  is  there- 
fore probable  that  from  the  line  indicated  as  a  cleft,  which  we 
nartr  in  the  middle  of  the  valvefi,  a  delicate  protoplasmic  edge  is 
protmded,  and  forms  the  organ  of  movement  as  a  kind  of  paendo- 
podiom. 

We  now  place  a  preparation  of  Pinnularia  on  a  plate  of  mica, 
and  heat  it  over  a  gas  or  spirit  flame.  We  then  lay  the  plate  of 
mica  when  cold  npon  onr  object-elide,  and  observe  the  prepara- 
tion dry,  but  under  a  cover-glasa,  with  strong  magnifying  power. 
We  can  see  that  the  Pinnularia  remain  as  perfect  skeletons.  With 
short  heating  they  become  somewhat  brown,  from  the  carbonized 
organic  substances ;  with  longer  continued  heating  they  are  colour- 
less. Hydrochloric  acid  does  not  touch  them;  they  consist  of 
silicic  acid  [like  flint],  and  retain  and  show  the  finest  pecaliarities 
of  the  cell-wall,  which  must  therefore  have  been  silicified  in  a 
high  degree.  The  furrows  show  in  this  preparation  very  clearly 
as  dark  strite,  and  are  besides  extremely  good  for  studying  the 
strnctoral  relations  of  the  wall.  Especially  beautifully  visible  in 
valve-view  are  the  clefts,  which  run  on  both  sides  from  the  median 
nodules  to  the  terminal  nodules.  Their  enlai^ement  at  mid-length 
is  manifest.  In  the  girdle-view  the  edges  of  the  two  halves  of  the 
cell-wall  show  clearly  ;  moreover,  on  the  overlapping  parts  are  seen 
two  lines,  parallel  with  one  another  and  with  the  edges  of  the  valves, 
which  do  not  extend  to  the  ends  of  the  cell.  Flint- skeletons  quite 
as  beautiful  aa  these  are  also  obtained  if  we  first  allow  a  drop  of 
concentrated  sulphuric  acid  to  act  upon  our  diatoms,  and  after  some 
time  add  20  per  cent.,  and  then  gradually  concentrated  chromic 
acid,  and  finally  remove  these  reagents  with  water.^  Diatom 
valves  which  are  poor  in  silei  (flint)  will  neither  bear  heating  red- 
hot,  nor  this  last  method  of  procedure  ;  they  must  instead  be  laid 
for  from  four  to  seven  days  in  hydrochloric  acid,  to  which  a  little 
chlorate  of  potash  has  been  added.  In  case  the  valves  are  still 
not  quite  clear  and  separated,  it  is  advisable  after  this  to  lay  them 
for  two  days  in  ammonia,  and  afterwards  transfer  them  to  nitric 
acid. 

The  remarkable  phenomenon  of  the  composition  of  the  cell-wall 
out  of  two  pieces  is,  moreover,  present  in  the  other  Diatomacete. 
Similar  motility  is  likewise  observable  universally  in  the  free 
living  forms.  Even  many  which  gi-ow  npon  and  enclosed  in  a 
gelatinous  tube,  are,  if  freed,  capable  of  movement,  while  this 
appears    to  be  usually  wanting  in  thread -forming   species.     On 
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nccoimt  of  tlie  often  exceedingly  delicate  and  regular  stmctnral 
relationa  of  their  cell-walls,  diatoms  are  nmch  ased  as  test  ol^ectfl, 

in  testing' the  quality  of  the  more  powerful  microscopic  objectiTeB, 
Especially  used  are  the  valves  of  Pleurosigma.  angulatum,  which, 
with  sufficiently  strong  magnification,  shows  regularly  arranged 


In  order  to  come  to  know  one  o£  the  simplest  possible  forms  of 
the  unicellular  green  algse  we  will  examiDe  a  Protococcus.  To  this 
belong  in  the  main  all  the  green  incroB  tat  ions  which  are  fonnd  on 
the  stems  of  trees,  damp  boards  [e.g.,  wood  palings,  etc.],  walls, 
and  other  similar  places.  In  this  let  us  note  that  it  is  quite  un- 
certain whether  our  Frotococcug  is  an  independent  species,  or  is  not 
rather  to  be  considered  a  stage  in  the  development  of  another 
alga.*  The  form  (Fig.  78),  which  we  have  removed  from  an  old 
tree  trunk  comes  under  the  name  Frotoccocun  viridig.  We  examine 
this    with    a    strong 

\^^^  y^^^ral  *°'^  ^^^  '*'  ''Opposed 

J  (^^^^  ■         of  globular  cells,  iso- 

fj  lated  or   united  into 

small   families    (Fig. 
■"  78,   A    to  F).       The 

contents  of  the  cells 
are  bright  green,  but 
the  whole  protoplasm 
is  not  uniformly  col- 
oared,  but  rather,  as 
^iti,      sufficiently         strong 
hava      magnification  shows,  a 
IQBtainaea  ikmo).  number  of  chromatO- 

phOTes  are  present,  which,  in  lateral  contact,  occupy  the  surface  of 
the  cell-contents.  Where  their  confasst  is  not  complete,  the  colour- 
less protoplasni  comes  into  view.  More  or  less  in  the  middle  of 
the  cell  lies  the  nnclena,  with  its  nncleoliu,  which,  however,  is 
not  usually  visible  without  the  help  of  reagents.  The  cells  have 
a  thin  wall,  which  stains  violet  with  chlorzinc  iodine.  N'nmerous 
cells  are  usually  in  course  of  bipartition  by  means  of  a  pai'tition 
wall,  which  cuts  the  globular  cell  in  halves  (Fig.  78,  D).  The 
divisions  of  adjoining  cells  take  place  in  planes  either  parallel  or 
cutting  one  another  at  right  angles.  The  daughter- eel  Is,  becoming 
rounded  off,  soon  go  out  of  union  with  one  another  (0,  F)  ;  they 


loy  Google 


T  EAST- F  UNO  us.  215 

remain,  however,  for  some  time  clinging  to  one  another,  or  else 

become  completely  separated.  If  the  cells  are  treated  with 
potassium. iodide- iodine,  the  nuclei  show  np  clearly  (our  fignres 
were  aketohed  from  iodine  preparations).  In  each  nnclena  the 
ancleolus  is  clearly  visihle.  In  the  cells  which  have  just  arisen 
by  division,  the  nuclei  lie  against  the  young  partition  wall  {D}. 
The  iodine  eolntion  shows  small  starch-grains  in  the  chromato- 
phores,  but  no  amy Inm -bodies." 

Very  simply  constructed  organisms  are  met  with  in  the  colour- 
less fungal  cells  hitherto  collected  together  under  the  name  of 
Saccharomyc.etes.  We  provide  ourselves  with  some  yeast,  the 
ferment  nsed  in  brewing  beer,  and  examine  a  trace  of  it,  diffused 
in  water,  under  a  high  power.  We  find  the  field  of  view  filled 
with  small  cells,  individuals  of  the  so-called  yeast  fungus,  Sao 
charcrmyces  cerecisice,*  The  cells  appear  globular  or  ellipsoid ; 
they  have  a  delicate  membrane,  and  in  the  interior  can  be  recog- 
nised a  large  or  several  small  Tacnoles,  and  some  strongly  refrac- 
tive granules  (Fig.  79,  1).  A  nuclens  cannot  be  distingnished ; 
such  is,  however,  present,  and  can,  though  not 
at  all  easily,  be  recognised.*  For  this  purpose 
it  is  necessary  to  fix  the  object  with  picric  acid, 
in  the  way  given  for  Cladaphyra,  and  then  to 
stain  with  Hsematin-ammonia.  We  then  find  in 
each  cell  near  the  centre  a  small,  ronnd,  darker- 
stained  nucleus. — The  living  object,  which  we 
have  under  observation,  shows  ns  numerous  cells 
ia  course  of  multiplication.  This  takes  place  here  in  a  quite  cha- 
racteristic and  pecnliar  fashion,  by  the  cells  forming  one,  seldom 
several,  small,  knob-like  swellings,  which  gradually  attain  the 
size  and  form  of  the  mother-cell,  and  then  can  be  separated  from 
it  (2,  3).  In  very  energetic  development  we  find  the  daughter- 
cells  united  into  small  occasionally  branched  chains ;  in  slower 
development,  separation  of  the  cells  takes  place  before  any  new  one 
begins  to  form.  This  is  multiplication  by  budding,  peculiar  to 
the  Saccharomycetes. — In  sugar- containing  fluids  it  induces  alco- 
holic fermentation.  Recently,*  the  individuality  of  the  Saccharo- 
mycetes has  been  questioned,  and  they  have  been  declared  to  be 
conidia  (spores  of  a  kind)  of  different  fungi,  conidia  which  have 
the  power,  in  a  suitable  nutrient  fluid,  of  multiplying  by  budding 
in  endless  sequence.'' 

Wo  will  now  turn  our   attention  to  one  of  the  Nostocaceffi,  of 
•  *  See  noteB  on  page  220. 
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interest  lo  us  on  account  of  its  symbiotic"  relations  witli  anothei 
plant.  This  last  plant,  widely  cultivated  in  botanical  gardens, 
is  Aiolla  caroliniana.  As  the  Azolla  winters  in  plant-hoases,  we 
are  therefore  in  a  position  to  obtain  material  at  any  time  for  the 
investigation  of  the  Nostocaceas.  The  NoatocaceiB  are,  in  general, 
specially  disposed  towards  symbiosis,  ami  we  find  them  in  very 
various  plants,  especially,  however,  as  constituents  of  the  body  of 
lichens. — The  AnabiEna  Azollm,  living  in  the  Azolla,  is  found  in 
definite  parts  of  the  plant  in  question.  The  leayes  of  Azolla 
are  each  two-lobed.  The  upper  lobe  is  fleshy,  and  floats  on  the 
water;  the  under  is  niembranous,  and  im- 
mersed. The  upper  lobe  shows  in  the  interior 
a  broad  hollow,  into  which  a  narrow  opening, 
found  on  the  inner  surface  of  the  leaf,  leads. 
This  cavity  ia  filled  with  Anahtsna,  and  from 
the  walls  of  the  hollow  also  grow  branched 
hairs  between  the  coils  of  this  Anah<xna.  In 
order  now  to  obtain  the  Anahcnia  for  our  ex- 
amination, we  pull  the  upper  lobes  of  sonie 
leaves  to  pieces  with  the  needles,  lay  on  a 
cover-glass,  press  upon  this  a  little,  and  are 
now  pretty  sure  to  find  the  AnahiBna  strings. 
This  much  is  certain,  that  no  specimen  of 
Azolla  is  devoid  of  them.  We  examine  the 
.<iolte,iitod,  enccBsHiva  strings  with  Our  highest  possible  power  (Fig. 
tw«^trv9"'c6lis'''™  °l  80).  These  consist  of  a  row  of  barrel-shaped 
limiting  cell,  or  beieto-  cellg,  which  from  time  to  time  are  interrupted 
by  a  larger,  ellipsoid  or  globular  cell,  the 
limiting  cell,  or  heterocyBt.  The  threads  are  serpentine,  coiled  here 
and  there,  without  any  visible  gelatine  coat.  The  entire  content 
of  the  vegetative  cells  is  coloured  verdigris-green,  of  the  limiting 
cells  is  olive  green ;  small,  darker- looking  grannies  are  distinguish- 
able in  these  contents ;  nucleus  is  wanting.  Individual  cells  are 
usually  found  in  division  (Fig.  80,  u.  to  d).  If  a  twig  of  Axolla  is 
taken  between  the  fingers,  and  surface-sections  taken  from  it,  not 
infi-equently  the  AnahiEna  can  be  seen  under  the  microscope  in 
its  natural  position  inside  a  leaf-cavity.  It  must,  however,  have 
[lappened  by  chance,  that  a  leaf -cavity  has  been  cut  in  the  proper 
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direction.     This  however  frequently  occarfl  ;  then  we  see  also  the 
segmented  hairs  which  permeate  the  Anahmna. 

Qnite  similar  is  the  structure  of  the  threads  in  the  c 
lobed  gelatinous  ma.sses,  sometimes  found  in   great    : 
paths,  and  which  belong  to  Nostac  dniflonuin,  Tournefort  (co 
Vanch).' 

In  examining  any  terrestrial  form  of  Vaucheria,  particniarly  that 
collected  from  flower-pots,  we  meet  with  Oecillaria,  likewise  be- 
longing to  the  Schizophyta  (splitting  plants),  in  closest  affinity  to 
the  NoatocacetB.  They  are  found,  moreover,  almost  everywhere  in 
standing  water,  on  muddy  ground,  and  under  similar  conditions. 
Their  presence  is  often  betrayed  by  an  unpleasant  muddy  smell. 
Cultivated  in  vessels,  they  creep  in  part  to  the  walls  of  this,  over 
the  surface  of  the  water. 
They  are  nearly  straight,  „  A 
at   even    coiled    threads,  '  ■" 

colonred  from  blue-g 
verdigris-  green,  olive- 
green  to  brown ;  ca 
however,  be  colourle; 
and  in  many  forms  d 
tinguished  by  active  ni 
tility.  The  threads  are 
free,  or  enclosed  in  a 
gelatinous  sheath.  They 
can   be   inserted   indivi-  h     " 

dually,    or     in    numbers,  Pib.SI.— J,  OKillarinprtecsiii;  B,  OMtlioria  Fr«. 

1.            1.      i.1.        mi.  lfcA»i0.eiiii8o£tbetlire»d3it,pieoefromOiemiddl8 

in    such    a  sheath.       Ihe  ol  the  thread  i  m  £,Mliegr~nii1eacoUecl8di«Bmat 

sheaths    arise    from    the  tba  partition  irallsi  in  Xci=  a  dead  cell  between  two 

outer  layers  of  the  mem- 
brane of  the  thi'eads ;  where  these  layers  become  fluid,  the 
sheaths  are  wanting.  The  threads  are  divided  by  cross  partition 
walls  into  a  multitude  of  similar  short  cells.  The  partition  walls 
in  some  species  can  be  seen  very  easily,  in  others  with  great 
difficulty.  With  the  exception  of  this  difference,  there  is  great 
uniformity  in  the  structure  of  these  organisms.  The  cell-contents 
are,  in  general,  eolonred  throughout  the  entire  mass ;  no  nucleus 
can  be  recognised  in  the  interior,  but  numerous  small  granules. 
The  grannies  are  either  distributed  through  the  entire  cell-con- 
tents, or  are  specially  collected  at  the  partition  walls.  It  matters 
not  what  species  is  chosen  for  esamination,  but  preference  should- 
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be  given  to  the  thicker  forms,  with  clearer  partition  walls,  as 
represented  in  Fig.  81." 

The  phenomena  of  movement,  as  we  mnst  have  noticed  from 
the  very  beginning  of  onr  observation  of  the  O.scillarisB,  are  very 
interesting.  Especially  in  the  thicker  forms,  with  somewhat  bent 
ead  and  distinct  granules,  and  with  a  sufficiently  strong  power, 
we  shall  bo  able  accurately  to  study  the  phenomenon.  We  then 
determine  that  with  the  movement  of  the  thread  is  combined  a 
slow  rotation  on  its  axis.  Simnltaneonsly  the  thread  shows 
irregular  flexions,  or  nutations,  which  are  the  expression  of  ex- 
isting differences  in  the  intensity  of  growth  on  its  different  aides. 
These  flexions  usually  take  place  slowly;  can,  however,  induce 
violent  movements  when  the  flexion  ia  stopped  by  some  obstacle, 
and  then  by  overcoming  this,  the  tension  is  suddenly  equalized. 
The  Oscill aria- threads  move  now  forwards,  now  backwards.  The 
movements  can  only  take  place  when 
the  threads  have  a  point  of  support 
on  some  other  object.  The  straight 
threads  move  like  those  which  are 
bent ;  in  these  latter  the  phenomenon 
is,  however,  especially  striking,  and 

fv^^  ^*i^^y^^        *^  '"'*'*'  visible,  while  in  the  straight 

lw)J^  threads  it   is   necessary  to  fix  the 

attention  npon  the  individual  gran- 
nies of  the  surface,  in  order  to  de- 
monstrate a  rotation  of  the  thread 
OiviaioBlxtM).  _    ^^     ,|.^    ^^j^^       ^^^    ^^.^^    ^j    ^^^ 

niovement  ia  not  yet  known  with  certainty ;  it  has  recently 
been  maintained  that  it  is  occasioned  by  protoplasmic  processes 
[whether  paeudopodia  or  cilia],  which  pass  through  the  membrane 
to  the  exterior.® 

To  the  same  class  of  organisms  as  the  Kostocacete  and  the 
Oscillariffi,  belong  the  still  simpler- constructed  Chroococeaceffi, 
which  we  will  study  upon  one  of  the  widely -distributed  species 
of  Gleocapsa.  We  choose  G.  polydermatica*  (Fig.  82),  growing 
upon  damp  walls  or  rocks,  recognisable  from  their  dirty  green 
to  olive  colour,  and  their  firm,  clearly  and  repeatedly  layered, 
gelatinous  envelopes.     Other  species,  with  lees  beantifuJIy  laminate 

*  More  randily  obtainable,  and  very  lllte,  ia  O.  ealdarioran,  a  ipeoifia  grow- 
ing commonl;  oo  the  walla,  flower-pots,  aud  glass,  ebo.,  in  aonservatoriea  nad 
BTeenhonsea.      [En.] 

'  See  note  on  pag>:  220. 
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gelatinous  envelope,  will  serve  the  same  end.  In  all  of  them  we 
find  ia  the  gelatinous  envelope  nnifornily  coloured  cells,  more  or 
less  clearly  granular,  and  devoid  of  nucleus.  By  these  pecaliari- 
ties  of  their  cell-body  the  Chroococca«ew  are  distinguished  from 
Protococcacete  and  especially  Palmellacese,  which  in  many  forma 
very  strongly  resemble  them,  but  which  have  a  nucleus,  and  chro- 
matophores,  separated  from  the  rest  of  the  protoplasmic  body. 

In  Gleooopsa  polydermatica  the  cell-bodies  arisen  from  just 
previous  division  are  quite  globular  (Fig.  82,  C).  They  then 
begin  to  grow  in  length,  and  become  ellipsoidal.  They  then  show 
a  weak  hour-glass-like  constriction  (A)  ia  mid- length,  after 
which  a  delicate  partition  wall  becomes  visible  at  this  place.  The 
daughter-cells  now  round  off  towards  one  another,  and,  by  swell- 
ing of  the  separating  wall,  and  the  thickening  layers  afterwards 
developed,  become  thrust  back  from  one  another.  Owing  to  the 
ever-new  development  of  gelatinous  layers  in  the  interior,  the 
older  ones  become  stretched,  finally  ruptured  and  cast  ofE  *  [often 
parts  of  such  layers  are  found,  while  the  rest  have  disappeared]. 
A  considerable  number  of  gemerations  is  therefore  combined  by 
the  gelatinous  envelopes  ittto  a  single  cell-faniily  or  colony, 
whence  often  called  colonial  algie.  By  rupture  of  the  outer 
envelopes  the  families  fall  apart.  An  isolated  cell  ie  rarely 
tound,  and  then  is  usually  surrounded  by  a  considerable  number 
of  gelatinous  envelopes  (Fig.  82,  A).  In  such  cases  the  cell- 
division  is  discontinued,  not  the  thickening  of  the  wall.^ 

We  have  therefore  found  that  in  Nostocacete,  Oscillariffi,  and 
Chroiicoccaceje,  the  cell -con  tents'  difEer  from  those  of  the  plants 
hitherto  considered  by  us :  while  in  these  latter  we  find  the  sepa- 
ration of  the  protoplasm  into  cell-plasma,  nucleus,  and  chroma- 
tophores,  we  find  here  all  these  elements  of  the  cell-body  still 
united  into  a  single  substance. i"  Distinguished  by  their  coloration 
from  the  pure  green  of  other  plants,  these  plants  have  been 
collected  together  under  the  name  of  Phycochromacew,  or  Cyano- 
phyceie.  The  simplicity  of  organization  of  these  oi^anisms  is 
beti-ayed  also  by  the  absence  of  sexual  multiplication.  One  kind 
of  asexital  multiplication  is,  however  (often  by  the  side  of  other 
kinds  of  asexual  multiplication),  quite  peculiar  to  them,  viz.,  that 
by  vegetative  hipartition ;  and  therefore  these  organisms  have 
been  called  segmenting  or  splitting  algoe,  or  Schizophyoete.^' 
Recent  researches'^  suggest  that  the  thread-like  Schizophycete 
are  capable  of  separating  into  globular  cells  surrounded  by 
*  See  note  on  page  220a. 
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gelatinous  layei-s ;  i.e.,  of  entering  into  a  ctroococcaceous  condition, 
like  to  Qleocapsa.  An  analogons  phenomenon,  found  amongst  the 
irreen  Algoe  in  the  case  of  Protococcacete,  gave  rise  to  the  question 
whether  Protococciis  viridis  was  an  independent  organism.  This 
question,  therefore,  repeats  itself  with  the  Chrooooccaoese,  which 
are  perhaps  merely  developmental  stages  of  the  thread-like 
Schizophjta. 
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[Notes  tn  page  215. ;j 

"  We  have  said  that  tliis  alga  is  b;  Bome  considered  to  be  only  a  stage  in 
the  life  history  of  some  higher  form,  piobablj  one  of  the  Yolvocineie.  IE  some 
of  this  material  is  placed  in  nater  and  exposed  to  the  light,  some  of  the  cells 
will  enter  npon  another  phase  of  their  existence,  becoming  motile  bj  means  of 
cilia.  More  suitable  for  microscopical  study,  however,  is  another  form  of 
Prutoeiicem ,  commnnly  known  as  Prot-icccoaa  (or  H amatncoccua)  p\nvialis. 
This  Prolococan  is  found  very  widely  distribated  in  rain-water,  in  the  mud  at 
the  bottom  of  open  water-butts,  in  roof -gutters,  etc. 

'  Yeast  can  he  grown  for  laboratory  purposes,  either  in  the  bnik  oi:  in  moist- 
chamber  cuitures,  in  "Pasteur's  fluid."  In  slide  cultures  Tery  beautifully 
branched  chains  of  cells  can  be  obtained.  The  following  is  the  simplest  way 
of  preparing  Pasteur's  fluid ; — £eep  dry  in  a  bottle,  ready  mixed  and  finely 
pulverized,  20  giam.  Potassium  phosphate,  2  of  Calcium  phosphate,  2  of 
Magnesium  sulphate.'and  lOO  of  Ammonium  tartrate.  For  use,  dissolve  in  the 
proportion  of  1  gram,  of  this  miitnre  with  IS  of  sugar,  in  70  cc.  oE  water.  [Ed] 
[Note  to  page  2l%.\ 

•  By  the  use  of  1  per  cent,  chromic  acid,  or  of  concentrated  picric  acid,  the 
threads  are  fixed,  and  with  the  sabsequeut  use  of  logwood  they  can  be  staiued, 
and  the  groiuB  show  up  veij  clearly. 

.tlOQ 
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[NoU  to  page  819.] 
'  With  careful  eiamination  vie  can  in  general  determine  that  the  number  of 
the  thin  cell-walla  which  their  stronger  refractireness  has  made  liaible,  does 
not  common];  correspond  with  the  number  of  oell-generations  enclosed  within. 
IjBiiallj,  it  is  true,  the  formation  of  one  Ench  oell-wall  f  Hows  the  dinuon  of 
the  cell-ccmtentB ;  nevertheless,  two  or  more  snch  cell-walla  can  be  intercalated 
in  the  gelatinons  nail  between  two  stages  of  division. 
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8CHI20MYCETES*  (BACTERIA).    USE  OF  IMMERSION  OBJECTIVES. 
Material  Wanted. 
Some  green  leaves,  e.g.  those  of  the  lettuce.     Fresh, 
A  carrot,  turnip,  or  potato. 
Some  peas,  dry  or  green. 
Taceine  lymph,  beat  in  capillary  glass  tube. 
Hay. 

Beggiatoa  alba,  p.  232,  can  usually  be  obtained  freely  npon  pieces  of 
iudiarubb^r  tubinf;  kept  in  water.     [Ed.] 
(Other  materials  may  be  aTailable  in  addition  to  these.) 

Let  ns  now  turn  our  attention  to  some  examples  from  the  group 
of  the  smallest  known  organisms,  tlie  Bacteria,'  in  order  to  obtain 
some  information  as  to  the  general  form  which  they  assume.  We 
shall  not  endeavour,  in  the  first  place,  to  stndy  any  particular 
species ;  we  will  rather  leave  it  to  the  accident  of  what  form  hap- 
pens to  be  at  oar  disposal.  We  boil  some  green  leaves,  say  lettuce 
leaves,  in  a  Florence  flask,  and  leave  it  standing  open  at  a  com- 
paratively high  temperature.  Into  another  flask  we  place  some 
peas — killed  by  steeping  in  boiling  water — with  a  little  water. 
At  the  same  time  we  distribute  disks  o£  boiled  carrot,  turnip,  and 
potato,  on  watch-glasses  or  object- slides,  and  place  them  abont  in 
warm,  moderately  moist  places ;  some  free,  others  covered  witli 
glass  bell-jars.  Upon  the  decoction  or  infusion  of  leaves  after 
two  days  a  skin  may  have  been  formed,  which  we  will  call  the 
psUicle.  On  the  different  vegetable  disks  we  see  small  whitish, 
rarely  coloured,  masses  of  gelatinous  snbstance  appear.  If  wo 
bring  a  trace  of  such  a  mass  of  jelly  into  a  drop  of  water  on  an 
object-slide,  and  examine  it  with  the  strongest  possible  magnifica- 
tion, we  find  an  enormous  number  of  exceedingly  minute  bodies, 
appearing  almost  dot-like,  imbedded  in  the  jelly.  These  bodies 
show  a  necklace-like  arrangement;  we  find  them  singly,  or  in 
pairs,  or  united  in  large  number  into  a  thread.     Embedded  in  the 
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jelly,  therefore,  we  have  the  Coccai-form  of  a  bacteriad.  If  we 
wish  to  define  the  outer  limits  of  the  jelly,  which,  in  its  refractive 
Illations,  differs  only  little  from  water,  we  can  readily  accomplish 
it  with  the  aid  of  Indiaa  ink.^  The  ink  mnst  be  of  g-ood  qnality, 
and  shonld  be  p^iind  down  very  carefully  in  water.  A  drop  of 
this  ink  can  then  be  placed  upon  the  object-slide,  the  gelatinous 
mass  which  is  to  be  investigated  placed  upon  a  cover  glass,  and 
the  cover-glass  then  laid  upon  the  drop.  In  this  way  the  particles 
o£  ink  are  prevented  from  passing  between  the  jelly  and  the  cover- 
glass.  The  limits  of  the  jelly  are  now  sharply  defined,  on  account 
of  the  snrrounding  fluid  being  filled  with  fine  particles  of  ink, 
which  exert  no  injurious  influence  on  the  object.  Such  masses  of 
bacteria  embedded  in  jelly  are  distinguished  as  ioogl(8a  [or  the 
zooglcea  stage  of  the  bacteriad].  The  jelly  arises  from  the  swollen 
mem.branes  of  the  bacteria.  In  the  bacteria  of  putrefaction  these 
membranes  are  composed  o£  a  peculiar  albuminoiiB  substance, 
mycoprotein ;  with  bacteria  not  provoking  putrefaction  they  con- 
sist of  cellalose.  We  make  nse  of  the  property  of  bacteria  of 
eagerly  taking  np  certain  aniline  and  azotic  colours,  in  order  to 
stain  them.  For  this  purpose  we  only  need  to  add  a  little  methyl 
violet,  gentiana  violet,  methyl  bltte,  fuchsin,  Bismark  brown,  or 
Vesnvin,  to  the  preparation,  Hiematosylin  (logwood)  at  the 
same  time  colours  the  jelly ;  and  we  therefore  nse  this  in  order 
to  make  the  jelly  dLstinct.  We  will  confine  onrselves  at  first  to 
gentiana  violet,  which  stains  bacteria  with  extraordinary  rapidity 
and  intensity.  We  then  see  the  bacteria  very  clearly,  and  can  form 
an  opinion  as  to  their  mode  of  multiplication,  which  takes  place 
by  successive  bipartition  or  fission.  This  multiplication,  in  con- 
tradistinction to  the  "budding"  of  the  yeast  fungi,  has  given  to 
the  bacteria  the  name  of  "  splitting  or  fisaing  fungi,"  or  SchJzo- 
mycetea. — It  is  quite  possible  that  the  jelly  taken  under  our 
observation  does  not  contain  round  "  Cocci,"  but  rodlets  (compare 
Fig.  85  A,  on  p.  23?).  The  rodiets  can  be  identified  as  composed 
of  shorter  segments,  which  stand  out  very  clearly  if  we  add  iodine- 
soliition  to  the  preparation.  The  segments  now  appear  much 
shorter  than  they  appeared  in  the  fresh  state ;  partition  walla  are 
now  shown  which  formerly  were  invisible." 

Some  bacteria  are  distinguished  by  the  fact  that  in  the  stages 
preceding  spore-formation  they  form  a  starch-like  substance  in 
their  body,  and  then,  on  the  addition  of  iodine  solution,  colour  blue 
or  violet. 

"  Bee  nole  on  page  245a. 
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In  the  pellicle  wLich  has  formed  upon  the  leaf-in fnaion  (c£. 
Fig,  85,  A,  page  237)  we  have  also  o,  form  of'zoogloea,  in  which 
the  cell-rows  are  held  together  by  a  jelly  into  a  superficially  de- 
Teloped  skin.  This  is  seen  to  be  traversed  by  fine,  undulating 
partly  parallel  threads,  formed  of  cocci  or,  more  commonly,  of  rod- 
lets.  The  segmentation  of  the  rodlets  is  again  made  specially 
clear  by  the  addition  pf  iodine-solution.  In  snob  material  obtained 
by  cultivation,  the  BWarming  stages  of  development  will  often  bo 
found.  We  are  almost  certain  to  tind  such  in  the  water  in  which 
the  peas  have  been  soaking  for  one  or  two  days.  We  then  see  the 
bacteria  in  dancing  movement,  now  forwards  now  backwards, 
hurrying  about  in  different  directions.  Exceedingly  fine  cilia 
have  been  repeatedly  demonstrated  as  the  cause  of  this  m.ovement 
(Fig.  85,  B) ;  in  other  cases  these  have  not  been  found. 

If  we  examine  the  pellicle  of  a  leaf-infusion  which  has  already 
stood  for  some  time,  we  shall  find  the  rods  or  threads  ultimately 
in  course  of  formation  of  Spores  (Fig.  85,  C).  The  contents  of  the 
rods  have  aggregated  at  one  or  several  points,  and  produced 
I'ounded  or  elliptic  highly-refractive  stmctares,  which  appear  as 
darker  bodies,  and  are  rcsting-sforea.  These  persist,  while  the 
emptied  niembrane  of  the  rodiets  is  finally  dlaint^rated.  In 
material  from  other  cultures  we  shall  quite  as  commonly  find  rod- 
lets  which  have  formed  but  one  res  ting-spore,  at  one  end,  and  have 
thus  taken  the  form  of  a  pin  or  tadpole.  Such  forms,  for  example, 
are  very  frequent  in  the  very  widely-spread  bacteria  of  butyric 
fermentation  (^Closlridinni  butyricum,').'^ 

As  the  Baoteria  are  the  smallest  of  known  organisms,  for  a  more 
complete  study  of  them  the  most  powerful  and  best  objectives,  and 
the  most  favourable  possible  illumination,  are  alike  necessary.  As 
objectives,  those  for  homogeneojis  im.mersu)n  are  especially  to  be  re- 
commended ;  while  the  most  advantageous  conditions  of  illumination 
can  be  attained  by  the  aid  of  an  achromatic  condeusor,  or  ap- 
paratus such  as  Abbe's  "  Beleuchtungs-Apparat."  In  moat  cases, 
however,  water-iinmer$ion  objectives  will  suffice.  Objectives  for 
water- immersion,  as  well  as  those  for  homogeneous  immersion,  can 
be  used  with  any  of  the  microscopes  we  have  heretofore  specified; 
but  a  condenser,  or  other  similar  apparatus,  can  only  be  added  to 
a  microscope  specially  aiTanged  for  its  use.  They  require,  as  wua 
indicated  in  the  Introduction,  one  of  the  larger  microscope  stands. 

If  a  water-immersion  lens  is  employed,  cover-glasses  of  a  definite 
*'hickness,  indicated  by  the  optician  (compare  Introduction),  must 
»  See  note  on  page  215a. 
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bo  used.  If  the  objective  is  provided  with  a  "  correcting  screw,' 
the  objective  is  regnlated  for  any  thickness  of  the  cover-glass,  so 
far  as  this  lies  within  the  possible  range,  hy  turning  the  correcting 
screw  placed  in  the  upper  part  of  the  objective.  Every  objective 
provided  by  an  optician  has  usually  a  definite  value  to  its  screw 
for  each  hundredth  of  a  millinietre  thickness  of  the  cover-glass. 
In  order  to  use  the  objective,  a  small  drop  of  distilled  water  is 
placed  on  its  front  lens.  Care  mnst  be  taken  that  this  drop  of 
water  is  not  allowed  to  dry ;  between  the  cover-glass  and  objec- 
tive, however,  it  is  so  protected  against  evaporation  that  it  will 
usually  last  for  several  hours.  In  moviDg  the  object-slide,  care 
must  also  be  taken  that  the  drop  of  immersion-fluid  does  not  go  to 
the  edge  of  the  cover-glass,  and  so  mix  with  the  fluid  in  which  the 
object  ia  immersed.  If  this  should  happen,  the  objective  should 
be  at  once  cleaned,  and  -the  finid  on  the  cover-glass  removed.  In 
case  an  object,  already  covered  with  a  cover-glass,  is  examined 
with  the  water- immersion  objective,  and  the  thickness  of  the 
cover-glass  is  not  known,  the  correction,  if  necessary,  mnst  be 
arranged  during  the  observation.  While  observing,  we  tnm  the 
ring  towards  the  one  and  the  other  side,  and  compare  the  effects 
produced.  As  the  correcting  screw  iu  alm.ost  all  objectives  is  bo 
arranged  that  the  fi-ont  lens  remains  immovable,  and  only  the 
upper  lenses  of  the  objective  are  moved,  the  object  remains,  during 
the  correction,  approximately  focuBsed.  The  correction  is  complete 
when  the  figure  appears  sharpest. 

Objectives  for  "  homogeneous "  immersion  have  no  correcting 
screw,  and  the  thickness  of  the  cover-glass,  within  the  permissible 
limits,  matters  nothing.  For  these  a  drop  of  the  immersion  fluid 
provided  by  the  optician  (oil  of  cedar-wood,  or  a  mixture  of  oil  of 
fennel  and  castor  oil,  or  zinc-iodide  glycerine)  is  placed  apon  the 
front  lens  of  the  objective.  We  take  the  smallest  possible  quan- 
tity of  the  immei'sion  fluid ;  as  this  does  not  evaporate,  it  need  not 
be  replenished  during  the  observation.  As  with  the  water- 
sion,  we  must  take  care  that  in  moving  the  object-slide 
fluid  does  not  run  to  the  edge  of  the  cover-glass.  For  cleansing 
the  objective  after  use,  a  very  clean  and  often-washed  piece  of 
linen  is  best.  In  order  to  clean  the  cover-glass,  we  use  a  piece  of 
linen  moistened  with  chloroform.  As  objectives  for  homogeneous 
immersion  hear  a  change  of  eye-pieces  very  well,  we  can  procure 
a  complete  series  of  these. 

In  case  the  observer  has  a  larger  microscope  stand,  to  which    as 
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e.g.  in  that  illustrated  in  Fig.  83*,  a  "  condensor  "  can  be,  or,  as 
in  Fijif.  83,  an  Abbe's  "  Bel  each  tan  ^B-A.pparat,"  is  fitted,  this  acces- 
sory apparatns  can  now  be  broaght  into  ase.  In  order  to  fix 
Abbe'B  apparatns,  tbe  body  of  the  microscope  mnst  be  sloped  (even 
more  than  in  Fig.  83),  remove  the  ordinary  mirror,  and  slip  the 
apparatas  in  its  place  in  the  Dame  groove.  The  apparatns  is  con- 
stracted  in  one  piece,  and  consists  of  condenser  (c),  diaphragm- 
bearer  (i),  and  doable  mirror  («).  The  apparatas  ia  pushed  so  far 
ap  that  the  upper  surface  of  the  condensor  lies  only  a  little  below 
the  upper  surface  of  the  sti^e  (as  is  shown  in  the  figure).  The  ap- 
paratus is  then  fixed  in  the  groove  with  a  screw  found  just  above 
the  mirror.  Of  the  two  mirrors  the  plane  one  is,  as  a  role,  used 
with  the  apparatus.  The  concave  mirror  should  be  used  only  with 
very  weak  objectives,  if  the  plane  mirror  does  not  illuminate  the 
whole  field  of  view  quite  equally.  With  the  exception  of  a  special 
case  of  bacteria  investigation,  which  we  shall  speak  of  directly, 
we  ought  not  to  use  Abbe's  apparatus  without  a  diaphragm.  The 
narrowest  diaphragm  which  gives  sufficient  brightness,  is  in  all 
cases  the  best.  In  order  to  bring  into  use  the  diaphragm  disks 
provided  with  the  instrument,  we  turn  the  diaphragm- carrier  (d), 
which  is  found  under  the  condensor,  away  to  the  right  hand  from 
under  the  stage,  introduce  a  diaphragm- disk,  and  then  return  it 
into  its  pla«e.  The  sci-ew  (t)  on  the  diaphri^m-carrier  serves 
to  remove  the  diaphragms  out  of  the  central  position,  and  then, 
as  the  diaphragm-carrier  also  turns  in  its  sheath,  we  can  rotate 
them  about  the  axis  of  the  microscope.  We  can  thus  obtain 
oblique  iUamination ;  to  which,  however,  we   shall  seldom  have 


Abbe's  "  Belenehtangs-Apparat"  is  so  convenient  in  nae,  and 
offers  such  great  advantages,  especially  for  difficult  investigations, 
that  it  cannot  be  tcio  highly  recommended.  If  we  are  in  posses- 
sion of  a  suitable  stand  with  such  aa  apparatus,  it  should  be  nsed 
for  all  investigations.  Abbe's  apparatus  can  be  used  also  with 
advantage  with  weak  objectives,  and,  by  changing  and  moving  the 
diaphragms,  permits  all  gradations  and  modifications  of  the  illu- 
mination.      The  apparatns  as  above  is  constructed  by  Zeiss. 

This  mici'oscope  of  Zeiss  (Fig-  83),  is  not,  however,  much  in  use 
outside  Germany ;  nor  is  Abbe's  apparatus  suited,  on  its  present 
lines  of  construction,  for  use  with  English  microscopes. — As  the 
English  student  will  probably  purchase  a  microscope  of  home 
manufacture  it  is   desirable  to  state  here  that  the  larger,  &ud 


.:,,  Google 


LAROBB   MICKOSCOPB   STAND.  227 

typically  Eng-lisli,  standa  are  not  to  be  rocommended  for  etadent 
use.  Their  length  of  bsdy  makes  it  exceedingly  difBcalt  to  nse 
them  npright  withont  a  special  table ;  and  the  upright  position  is, 
all  round,  the  more  convenient  for  student  work.  Nor  are  me- 
chanical appliances  for  moving  the  object-slide  about  on  the  stage 
of  utility  commensurate  with  their  cost,  and  the  want  of  inde- 
pendence which  they  induce.  Most  of  the  English  maters  manu- 
facture microscopes  with  tubes  of  about  the  Continental  length, 
but  of  better  workmanship  than  the  ordinary  Student  stands, 
and  suited  for  the  addition  of  accessory  illnmiiiatLng  and  other 
appliances.  Without  desiring  to  assert  or  imply  its  absolute 
superiority,  where  at  least  three  or  four  excellent  instruments 
exist,  the  "  Student's  Stand  "  of  Ross  (monocular)  may  be  looked 
upon  aa  typioal  of  instruments  of  this  class,  in  which  workmanship 
of  the  highest  excellence  is  combined  with  simplicity  and  moderate 
price.  It  is  illnstrated  in  the  accompanying  Fig.  83*.  The  model 
shows  peculiar  lightness  and  stability.  The  body  is  swung  between 
two  pillars,  so  that  it  can  be  removed  from  the  vertical  to  any 
extent  in  the  backward  direction,  and  can  even  be  thrown  a  little 
beyond  the  vertical  in  the  forward  direction.  It  has  coarse  rack- 
work  adjustment  of  considerable  delicacy,  and  a  fine  adjustment. 
The  eyepieces  are  of  Contiuentat  size.  Tbe  stage  rotates  upon  a 
centre  in  the  optic  a^is  of  the  instrument.  Tbe  mirror  slides  np 
and  down  in  a  groove  upon  a  "swinging  tail-piece  "  (Zentmayer's) 
which  replaces  the  jointed  arm  of  most  mirrors,  and  enables  rays 
of  any  degree  of  obliquity  to  be  thrown  upon  the  object ;  and  the 
mirror  can  even  be  swung  round  above  the  stage  so  as  to  illu- 
minate an  opaque  object  from  above.  The  same  tail-piece  carries 
a  cylindrical  bearer  (seen  in  the  figure  between  mirror  and  stage), 
likewise  sliding  up  and  down  in  the  same  groove  with  the  mirror, 
in  which  can  be  placed  a  condensor  or  other  accessory  apparatus. 
If  the  student  should  not  wish  to  purchase  a  special  condensor,  a 
small  adaptor  can  be  obtained,  by  means  of  which  his  one-inch,  or 
other  low-power,  objective  can  be  screwed  into  the  carrier,  front 
lens  uppermost,  and  then,  after  sliding  in  the  groove  till  its  proper 
focal  distance  from  the  object,  as  ascertained  by  experiment,  is 
attained,  this  objective  will  serve  as  a  thoroughly  good  condensor. 
As  the  condensor  is  never  required  excepting  with  high  powers, 
the  low-power  objective  will  always  be  at  liberty  for  this  purpose. 
In  place  of  the  diaphragm  wheel,  as  usually  supplied,  an  "  Iris- 
diaphragti,"  which,  by  simple  movement  of  a  lever  arm,  gives  a 
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nearly  circular  aperture  of  any  chosen  size,  can  be  added  at  an 
extra  cost  of  abont  £1. 

In  order  to  be  able  to  wort  with  the  microscope  in  dull  weather, 
or  in  the  evening  in  general,  it  ia  an  advantage  to  have  a  lamp 
with  a  wide  burner,  and  to  shade  between  this  and  the  mirror  of 
the  microscope  by  means  of  a  plain  glaes  water-bottle,  or  the 
largest  size  possible  of  Florence- flask,  filled  with  a  very  dilute 
solution  of  ammonio-cupric  oxide.  Microscoping  in  the  evening 
exhaosts  the  eyes  very  little,  provided  care  be  taken  that  the 
snrronndings  are  illuminated  just  as  brightly  as  the  field  of  view 
of  the  microscope. 

Small  incandescent  electric  lamps  have  been  recently  recom- 
mended as  sources  of  light ;  a  cnrrent  from  about  three  Bunseu 
elements,  each  abont  eight  inches  high,  suffices.  It  ia  best  and 
simplest  to  place  the  incandescent  tamp  in  front  of  the  micro- 
scope, and  between  this  and  tbe  mirror  of  the  instrnment  to  place 
a  globe  (aa  above)  filled  with  very  dilute  ammonio-cupric  oxide. 
The  com.parative  richness  of  the  incandescent  light  in  rays  of  short 
wave  length,  although  far  less  marked  than  that  of  the  arc  light, 
makes  it  very  suitable  for  the  study  of  delicate  strnctural  relations 

As  already  noted,  methyl -violet,  gen  tiana- violet,  methyl-blue, 
fuchsin,  Bismarck-brown,  and  Vesuvin,  are  especially  serviceable 
for  staining  bftcteriads.  These  stains  are  best  used  in  watery 
solution,  which  must  be  either  fresh,  or  at  least  freshly  filtered. 
For  this  purpose  we  keep  a  saturated  alcoholic  solution  of  these 
coloui-s  ready,  and  add  one  of  them  drop  by  drop  to  a  large 
quantity  of  distilled  water.  Bismark-browa  and  Vesuvin,  how- 
ever, as  they  are  altei-ed  in  alcohol,  must  be  kept  in  watery  solu- 
tion, and  this  must  be  filtered  before  each  use.  The  bacteria  found 
in  a  fluid  medium  should  be  spread  in  the  thinbest  possible  layer 
on  the  cover-glass,  and  allowed  to  dry  at  the  temperature  of  the 
room.  If  the  fluid  contains  albuminous  bodies,  or  mucilage,  these 
must,  after  the  preparation  is  completely  dried,  be  fixed  either  by 
laying  the  cover-glass  for  several  days  in  absolute  alcohol,  or,  still 
simpler,  by  a  higher  temperature.  For  this  purpose  we  pass  the 
cover-glass  pretty  quickly  several  times  through  the  gas  or  spirit 
flame,  during  which  the  surface  covered  by  the  bacteria  should  be 
turned  upwards.  We  stain  it  by  spreading  over  the  cover-glass, 
prepared  in  this  or  any  way,  hut  which  in  all  cases  must  be  dry,  a 
drop  of  colouring  fluid,  and  allow  it  to  act  for  from  five  to  ten 
minutes.     Or  we  stain,  it  in  a  saucer,  which  contains  a  latter 
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quantity  of  the  colouring  fluid,  on.  which  the  cover-glass  la  allowed 
to  float  for  from  ten  to  thirty  minutes.  Warming  the  fluid  from 
30°  to  60°  0.  (86°  to  140°  F.),  haetena  the  operation.  After  com- 
plete staining,  the  cover-glass  is  waahed  in  distilled  water,  dried 
at  the  temperatnre  of  the  room,  a  drop  of  oil  of  turpentine,  xylol, 
or  cedar  oil  placed  upon  it,  and  the  examination  carried  on  in  this. 
If  the  preparation  is  to  be  preserved,  remove  the  oil  with  blotting 
paper  and  imbed  in  dammar  or  in  Canada  balsam,  which,  however, 
must  be  dissolved  in  turpentine  and  not  in  chloroform.  Care 
should  be  taken,  in  case  the  jn'epai-ation  should  be  later  on  ex- 
amined with  a  homogeneous  immersion  objective,  that  the  dammar 
or  Canada  balsam  does  not  come  out  from  the  edge  of  the  cover- 
glass,  since  both  of  theae  are  soluble  in  the  immersion  oil,  and  the 
whole  cover-glaRS  would  thus  be  soiled.  This  inconvenience  can 
also  be  obviated  by  making  at  the  edge  of  the  cover-glass,  after 
the  dammar  or  Canada  balsam  haa  become  dry,  a  border  of  black 
varnieh,  or  of  gold-size.  To  do  this,  a  small  camel-hair  brush  is 
used,  and  care  is  taken  that  the  varnish  docs  not  run  over  the 
cover- glass  more  than  is  necessary. 

If  the  preparation  happiens  to  be  overstained,  a  result  brought 
about  with  especial  ease  when  the  colouring  fluid  is  warmed,  a 
portion  of  the  colour  can  be  removed  by  allowing  abaolute  alcohol 
(quite  free  from  acid)  to  work  upon  it  for  a  anfficient  length  of 
time.  Or  the  same  result  can  be  attained  by  using  oil  of  cloves  for 
the  purpose  of  "  clearing"  the  preparation,  for  this  oil  extracts 
more  or  leaa  of  the  colour,  according  to  the  length  of  action, 
Oreratained  and  then  partially  decolorised  preparations  are  often 
the  most  beautiful.  Chloroform  would  remove  the  colour,  and 
hence  must  not  be  used  as  the  solvent  for  Canada  balsam  in  per- 
manent mounting.  For  the  same  reason  the  Canada  balsam  must 
not  be  used  warm.  For  permanent  mounting  in  Canada  balsam 
some  degree  of  overstaining  is  an  advantage,  aa  the  balsam  slowly 
extracts  some  of  the  colour. 

In  the  examination  of  fluids  for  bacteria,  it  must,  however,  bo 
noted  that  different  kinds  of  granulation  may  be  present,  which 
make  obeervation  more  difficult,  and  may  even  be  deceptive. 
To  remove  these  we  make  nse  of  the  resistance  of  bacteria  to  dilute 
mineral  acids,  to  acetic  acid,  and  to  weak  alkalies.  We  uae  50 
per  cent,  acetic  acid,  or  12  per  cent,  sulphuric  acid,  or,  what  is 
still  better,  3  per  cent,  potash  solution.  In  this  last  the  prepara- 
tion becomes  at  on<;e  aa  transparent  as  is  needfnl,  the  bacteria 
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Bfrand  oat  prominently,  and  increase  in  size  somewliat  throQgh 
swelling,  bo  that  we  can  even  make  nse  of  less  strong  magnifying 
powers.  Since  tbe  larger  fatty  masses,  in  case  they  are  present, 
interfere  with  observation  very  aeriounly,  it  is  neceasary  to  take 
care  to  remove  them.  This  can  be  effected  either  by  covering,  the 
dry  preparation  with  a  drop  of  potash,  and  warming  it  OTCr  a 
flame  till  bubbles  begin  to  form,  whereby  the  oil  is  converted  into 
soap,  or  the  dry  preparation  is  manipulated  for  a  few  minntea  in  a 
watch-glass  of  chloroform,  and  afterwards  with  absolnte  alcohol, 
and  after  this  latter  has  evaporated,  potash  applied. 

A  concenti'ated  solution  of  pare  dry  iodide  of  zino  in  pure 
glycerine  can  also  be  used  as  a  fluid  for  immersion  objectives. 
I'his,  after  filtering,  if  necessary,  is  evaporated  in  a  water-bath  to 
the  refractive  index  1-518  (for  line  D  of  spectrum).  This  fluid 
does  not  attack  balsam  in  settings  of  the  cover-glasses,  and  has 
the  further  advantage  that  it  can  easily  be  washed  off  from  the 
cover-glass  with  water.*  Preparations  stained  with  Biamarck- 
brown  or  with  Vesuvin  retain  their  colour  also  in  glycerine,  and 
can  therefore  be  preserved  in  it.  The  closure  of  the  edges  of  the 
cover-gtaas  can  be  effected  with  Canada  balsam  in  chloroform. 
After  some  days  or  weeks,  juat  as  is  convenient,  the  Canada  balsam 
can  be  covered  with  a  layer  of  gold-size  or  of  varnish,  not  in  order 
to  pi'event  the  immersion-oil  from  attacking  the  closing  cement 
but  because  it  ia  recommended  especially  as  very  durable.  Canada 
balsam  in  chloroform  is  apt,  when  dry,  fo  spring.  Hence  the 
advantage  of  turpentine,  since  the  fat  is  left  behind  in  drying,  and 
the  balsam  never  becomes  brittle.  There  in  a  concurrent  dis- 
advantage, however,  that  the  slides  most  not  be  pressed  one  on 
another  for  any  length  of  time,  or  they  may  stick  together.  Nor 
must  the  proportion  of  fat  in  the  balsam  be  allowed,  by  adding 
repeatedly  more  turpentine  to  dilute  it  in  its  bottle,  to  become 
considerable.     Covering  with  gold-size  is  advisable. 

If  one  of  the  lai^er  forms  of  bacteria  is  under  examination,  we 
may  also,  with  the  aid  of  our  strongest  objective  and  the  most 
successful  staining,  learn  something  about  the  contents  of  the 
cells.  These  appear  to  be  a  homogeneous  plasma,  in  which  can  be 
embedded  finer  or  coarser  grannies,  which  probably  consist  of  fat. 
Nuclei  cannot  be  identified  even  in  the  lai^est  forms.  Only  in 
rare  cases  are  tho  bodies  of  the  bacteria  coloured  while  in  living 
condition. 

If  we  have  at  command  water  in  which  algte,  especially  Sptro^/ra 
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and  Vaucheria,  are  decftjing,  and  examine  a  little  of  this  fluid,  wb 
shall  find  in  it,  almost  to  a  certainty,  motile,  exceedingly  fine 
spiral  threads  (Fig.  84).  Theae  flexible,  corkscrew -I  ike  threads 
more  rapidly  in  the  ■water.  They  torn  on 
their  aiia,  and  at  the  same  time  bend  to  and 
fro.  Individnala  snddenly  stand  still,  then 
baaten  on  again.  The  spirals  found  nnder 
such  eircnmstances  in  all  probability  belong 
to  SptTOC^'fBle  plicalilis,  the  Spirockwie  of 
marshea.  If  theae  apirals  are  allowed  to  dry, 
and  stained,  we  ahall  see  that  they  are  not 
nnicellnlar,  bnt  consist  of  successive  seg- 
Fio.  81,— SpirotirrFiipH.  ments,  which  may  vary  in  length  aecording 
'ng  partisil^Bh owing tbB  *"  circnmatances.  Very  fine  Spirochete  can 
■eginani»uonintorM>tieM  uanally  be  obtained  by  keeping  in  a  warm 
'■"'"''■  place  a  filtered  infusion  of  pea-flonr. 

On  ^he  same  decomposing  algte,  or  on  pieces  oE  other  decompoa- 
ing  aquatic  plants,  or  other  similar  substi'atnm,  we  commonly  see 
growing  fine  threads,  which  are  Beggiatoa  alba  (Vanch).'  These 
bacteriads  are  especially  widely  diffased  in  water  which  receives 
the  refuse  from  factories,  and  in  sulphur  springs.  They  then 
often  cover  the  masses  of  mud  on  the  bottom  and  sides  with  a 
dirty-white  layer.  They  are  amongat  the  largest  known  bacteria, 
and  can  bo  distingtiiahed  with  even  comparatively  low  magnifi- 
cation. The  threads  are  of  variable  thickness  (from  0001  to 
0005  mm.),  are  attached  or  free,  the  free  however  only  being 
parts  of  those  attaclieu.  A  segmentation  of  the  threads  into 
shorter  or  longer  rodlets  ia  more  or  less  distinct;  the  cell-contents 
are  usually  distingnished  by  a  greater  or  less  number  of  strongly 
refractive  grains.  If  we  allow  the  preparation  to  dry,  and  run  in 
bisnlphide  of  carbon,  the  grains  are  dissolved ;  they  consist  of 
sntphur.  In  tbi'eads  very  rich  in  sulphur  the  segmentation  is 
indistinct,  and  only  appears  after  aniline  staining,  op  after  heating 
in  glycerine  or  in  sulphite  of  soda.  By  the  glycerine  the  grains 
are  partly,  by  the  sulphite  of  soda  completely,  dissolved.  By  cross 
segmentation  the  threads  can  separate  into  cocci,  and  it  has  been 
observed  that,  in  thicker  threads,  even  a  quadripartition  of  the 
cells  can  result  from  this  cross  division.  Moreover,  "  swarming  " 
cocci,  rodlets,  and  spirals  have  been  obsorved  as  developmental 
stages  of  Beggiatoa.  The  attached  threads  can,  in  their  upper 
parts,  be  spirally  bent.     The  straight  as  well  as  the  spiral  frag- 
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ments  of  threads  are  flexible,  and  Btow  creeping  movements. 
These  characters  serve  to  connect  Beggiaioa  with  the  Ogcillatoriau$, 
Bi-ggiatoa  separatee  out  the  sulphnr  componnd  from  the  water  in 
which  it  dwells,  and  thus  sets  free  a  more  or  less  considerable 
quantity  of  sulphuretted  hydrogen.  Beggiatoa,  alha  can  be  readily 
grown  on  pieces  of  grey  india-rubber  tubing  kept  in  water.  It 
will  usually  have  formed  a  good  coat  in  about  a  couple  of  months. 
We  will  now  turn  onr  attention  to  another  object,  which  shows 
the  coccit),  rodlet,  and  spiral,  and  at  the  same  time  the  thread 
form,  combined.  For  this  parpose  we  will  use  the  white  "fur" 
of  teeth.  If  a  little  is  difEused  in  a  drop  of  water,  and  examined 
with  the  strongest  possible  magnification,  we  sliall  see  long,  ap- 
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parently  unsegmented  thresds,  of  yarioas  lengths  and  thickness, 
grouped  together  into  close  bundles  (Fig.  84*,  a).  These  threads 
and  rodlets  haro  l>een  described  as  Leptothrix  buccalu,  Robin,  but 
it  has  not  yet  been  determined  with  certainty  that  they  belong  to  a 
single  definite  species.  If  the  preparation  be  treated  with  iodine, 
the  threads  appear  as  composed  of  short  segments ;  not  in- 
frequently the  contents,  especially  of  the  thicker  threads,  assume 
a  bine  colour.  These  threads  are  always  embedded  in  dense, 
gelatinous,  irregular  balls  of  micrococci  (6).  Between  them  we" 
can  usnally  see  spiral  Spirilla  in  active  movement.  These  are 
Spirillunt  denfium  (c).  More  rarely,  amongst  all  these  forms  arc 
also  found  thin,  arched,  relatively  short  rodlets  (d),  mostly  in 
active    jumping    movement,  which  hare   been   identified    as  the 
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'  bacilli  of  tlie  luncns  of  tbe  month.  All  theso  bacteria 
live  as  sapropbjtes  on  the  mncons  luembrHne  or  tbe  far  of  teetb, 
bat  are  also  concenied  in  the  decay  of  teeth,  in  that  thej  penetrate 
into  the  calcified  tiaanes  of  the  teeth,  and  destroy  the  softened 

In  Begyiatoa  alba  we  hare  an  essmple  of  a  pleomorphic  species 
of  bacteriad,  into  the  developmental  circle  of  which  Tarioua  forms 
enter,'  which  we  have  recognised  as  Micrococcns,  Bacterinm, 
Bacillus,  Vibrio,  Spirochpete,*  etc.  Bat  it  appears  certain  that 
pleoraorphism  ia  absent  from  the  greaternnmber of  bacteria,  and 
that  these  assume  the  same  form  under  the  most  diverse  cultural 
conditions.  The  globules  or  ellipaoidal  forms  we  call  cocci;  rodfl, 
threads,  and  screws  have  a  corresponding  form.  The  shorter 
rodleta  are  distinguished  as  Bacteria  from  the  longer  SaciUim;  the 
simple  threads  as  Lejitothrix,  tbe  branched  Gladothrix ;  the  spirals 
with  comparatively  wide  turns  and  greater  thickness  of  the 
threads  are  called  Spirillum ;  or,  if  they  contain  sulphur,  Ophido- 
monas;  spirals  with  donated  turns.  Vibrio;  very  thin  spirals, 
with  small  diameter  and  also  smaller  distance  of  the  turns, 
Spirochoite  i  riband-like  tapering  spirals,  SpiTomonaa ;  flexible 
spii'als,  whose  ends  coil  back  towards  one  another,  Spirulina.^" 

We  have  seen  in  the  study  of  the  segmenting  algse  that  they 
also  are  distinguished  by  like  variability  of  form  in  the  different 
stages  of  development;  and  the  comparison  of  the  bacteriads  with 
these  segmenting  algss  leads,  in  fact,  to  the  presumption  of  some 
close  relationship  between  these  organisms.  In  the  s^menting 
algte  also  we  have  made  the  acquaintance  of  cocci,  rodleta,  threads, 
and  spiral  forms.  Moreover,  we  have  met  with  the  phenomena  of 
movement  amongst  them,  and  even  in  their  ability  to  resist  high 
temperatares  the  segmenting  algse  approach  the  segmenting  fungi. 
The  first  plants  which  show  themselves  in  hot  springs  are  seg- 
menting algse,  though  it  is  trae  they  do  not  resist  so  high  tempera- 
tui-es  as,  e.g.,  the  spores  of  the  bacteria  of  hay,  whose  capabilities 
for  germination  temporary  boiling  seems  only  to  heighten.  More- 
over, in  the  structure  of  their  cell-body,  segmenting  algte  resemble 
segmenting  fungi,  since  both  groups  are  devoid  of  nnclena  and 
of  separated  chromatophores.  To  this  we  may  add  the  mode  of 
vegetative  multiplication,  which  gives  to  the  two  sections  their 
respective  names.  For  these  reasons  we  can  consider  tbe  segment- 
ing fungi  to  be  a  colourless  section  of  the  segmenting  algse,  or,  at 
any  rate,  one  devoid  of  a  colour  which  enables  carbon- assimilation, 
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and  which,  together  with  the  segmenting  algee,  form  the  class  of 
B^iuenting  plants,  the  Schizophjta. 

BadUus  tuberculosis,  of  recent  times  considered  to  be  the  canse 
of  tiiberculoais  in  the  sputum  of  consnmptivea,'!  is  always  motion- 
less, very  minnte,  somewhat  tapering  at  its  ends,  and  now  and 
then  with  fonr  to  six  grains,  which  are  considered  to  he  spores, 
in  the  interior.  This  Baeilltie  is  distinguished  hy  special  relations 
towards  staining  reagents,  which  render  it  possible  to  distingaish 
it  from  other  Bacilli.  Tho  substEince  to  be  tested  is  spread  as  flat 
as  possible  upon  a  cover-glass,  and  allowed  to  dry  at  the  tem- 
perature of  the  room.  Tbe  albnmen  present  is  then  fixed  by 
passing  the  slide  bearing  the  cover-glass  three  or  four  times 
through  a  spirit  or  gas  fiame,  the  preparation  side  tnmed  np- 
wai'ds.  We  then  saturate  a  qnantity  of  water  with  aniline  by 
shaking  Dp  the  water  with  an  overplns  of  this  body.  We  filter  it 
throngh  paper  previously  damped  with  distilled  water,  and  add  to 
100  parte  (by  measure)  of  the  Suid,  drop  by  drop,  11  parts  of  & 
saturated  alcoholic  solution  of  fuchsine  or  of  methyl  violet,  and 
then  10  parts  of  absolnte  alcohol.  This  staining  flnid  can  be  pre- 
served for  at  least  ten  days  in  a  well-closed  glass,  without  its  being 
necessary  to  filter  each  time  it  is  used.  The  cover-glass  is  now 
allowed  to  float  for  half  a  day  in  this  fluid.  The  staining  proceeds 
more  quickly  if  the  solution  is  warmed  till  evolution  of  bubbles 
commences.  The  action  need  then  only  last  ten  minutes.  After 
this  the  cover-glass  is  laid  for,  at  the  most,  a  balf-minute  in  a 
fiolntion  of  1  part  nitric  acid  to  3  or  4  parts  distilled  water,  and 
then  for  some  minutes  in  60  per  cent,  alcohol.  The  entire  pre- 
paration is  thus  coloured,  with  the  exception  of  the  tubercle 
bacilli,  if  any  such  are  present.  The  preparation  is  then  observed 
in  water  ;  or  it  can  be  washed  in  water,  allowed  to  dry,  and  after- 
wards mounted  in  Canada-balsam  dissolved  in  turpentine. — The 
material  for  preparation  of  sections  must  be  well  hardened  in 
absolute  alcohol,  or,  if  hardened  in  other  ways,  must  lie  a  long 
time  in  alcohol.  The  sections  are  then  stained  in  the  same  way 
as  above  described.  They  must  remain  in  the  staining  fluid  at 
least  twelve  hours.  After  being  passed  throngh  60  per  cent, 
alcohol,  they  can  be  placed  for  some  minutes  in  dilute  watery 
solution  of  Vesnvin  or  methyl-blue.  They  are  then  once  more 
washed  in  60  per  cent,  alcohol,  passed  from  thence  into  absolute 
alcohol,  in  order  that,  when  completely  deprived  of  water,  they 
may  be  placed  in  oil  of  cedar  (which  does  not  extract  the  aniline 
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colours  from  the  preparation), in  which  they  can  be  eiaioined.  Iti 
order  to  preserve  them,  the  preparations  are  mounted  in  Canada- 
balsam  dissolved  in  turpentine.^*  Tnbercle  bacilli  are  beantifnlly 
visible  with  magnification  of  300  diameters, — These  bacilli  are 
likewise  stained  with  great  intensity  by  fnchsin  prepared  in  the 
following  manner  ; — In  100  gram  of  a  3  per  cent,  watery  solution 
of  carliolic  acid  is  dissolved  1  gram  fuchsin,  and  then  10  grams 
alcohol  added.  Filter.  The  solution  keeps  well.  It  is  advisable 
to  warm  the  fluid  in  using  it.i^'^For  bacteria  fonnd  in  fluids 
double-staining  has  also  been  employed.  According  to  one  of 
these  methods,"  the  fluid  diffused  on  the  cover-glass  is  dried,  and 
fixed  with  osmic  acid  vapour,  or  with  a  05  per  cent,  solution  of 
chromic  aeid.  It  is  then  washed  with  distilled  water,  and  stained, 
usually  for  from  half  an  hour  to  an  hour,  with  O'OOI  per  cent, 
aniline  green.  It  is  again  washed  for  from  twenty-four  to  forty 
minutes  with  distilled,  weakly  acidulated,  water,  in  order  to  de- 
colorize the  elements  of  the  tissue.  After  once  more  washing  in 
distilled  water,  the  preparation  is  placed  for  Rome  minutes  in  a 
weak  solution  of  picro- carmine.  After  being  once  more  washed, 
the  preparation  is  dehydrated  by  absolute  alcohol,  or  simply  by 
drying,  and  finally,  if  necessary,  is  cleared  with  oil  of  cloves  and 
put  up  in  Canada-balsam. 

In  order  to  stndy  bacteriada  in  the  interior  of  the  tissues,  it  is 
best  to  harden  the  tissues  by  placing  them  for  at  least  from  one 
to  two  days  In  absolute,  or  at  least  90"  to  96°  alcohol.  For 
staining  the  bacteriads  the  colours  already  known  to  us  come  into 
use.  In  preparations  stained  with  gent i ana- violet  or  with  methyl- 
violet,  the  tissues  are  completely  decolorized  with  strong  alcohol 
in  which  is  a  trace  of  potash,  while  the  bacteriads  retain  the 
colour,  A  like  effect  can  be  attained  by  laying  the  preparation 
for  at  most  a  half-minute  in  picric  acid,  whereby  the  tissue  takes 
at  once  a  yellow  coloration.  After  decolorizing  the  tissue  in 
alcohol  this  can  be  again  stained  with  iodine-green,  methyl-green, 
eosin,  magdala,  acid -fuch sine,  and  other  stains,  which  are  not 
taken  up  by  the  bacteriads.'*  Good  double-staining  is  also  attained 
by  gentians- violet  and  picro -carmine.'^  The  best  means  for  stain- 
ing bacteriads  in  the  interior  of  the  tissues  is,  however,  nsnally  a 
solution  of  gentiana-violet  in  aniline  water,  and  a  solution  of 
potassium-iodide  iodine."  The  aniline  water  is  prepared  in  the 
way  given  upon  page  234,  and  dry  gentiana-violet  is  dissolved  in 
it  to  saturation,  or  5  parts  of  a  saturated  alcoholic  solution  of 
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^ntianu-Tialet  are  added  to  100  parts  of  this  water.  This  is. 
filtered  before  each  time  of  nso.  The  solation  can  be  kept  for 
months.  The  sections  are  transferred  from  absolntfl  alcohol,  for 
some  minutes,  into  the  staining  flnid,  then  for  from  one  to  three 
minntes  into  dilate  3)otassinni-iodide  iodine  solntion  (1  part  iodine, 
2  parts  potassiam- iodide,  and  300  parts  distilled  water),  then  into 
absolate  alcohol.  la  this  the  sections  mnst  be  decolorized.  They 
are  then  cleared  in  oil  of  cloves,  and  embedded  in  Canada- balsam 
dissolved  in  xylol.  The  tissue  now  appears  decolorized,  the  bac- 
teriads  stained  dark  bine.  The  bacilli  of  typhas,  also  the  coed 
in  many  cases  of  pneumonia,  are  decolorized  by  this  process,  and 
are  distin^ished  thus  from  most  other  bacilli.  Treatment  for  a 
very  shoi-t  time  with  a  weak  solution  of  Tesuvin  before  placing  iu 
oil  of  cloves  gives  beautiful  double  coloration,  in  that  the  tissue 
now  appears  stained  brown.  Instructive  coloration  is  also  obtained 
with  safranin  upon  sections  which  were  hardened  in  alcohol  or  in 
chromic  acid."  Equal  parts  of  a  concentrated  watery  and  a  con- 
centrated alcoholic  solution  of  safranin  are  mixed  together,  and 
the  sections  allowed  to  lie  in  this  for  half  an  hour,  then  washed  a 
little  in  water,  and  for  some  minutes  iu  absolute  alcohol,  trans- 
ferred to  oil  of  turpentine,  and  put  up  in  Canada-balsam. 

In  order  to  find  bacteriads  in  tissnes,  after  they  have  been  com- 
pletely stained.  Abbe's  apparatus  {or  other  condenser]  can  be 
used  with  great  advantage,  and  in  a  special  fashion.'*  After 
focussing  the  preparation  the  diaphragm  is  completely  removed, 
so  that  the  cone  of  illumination  filling  the  entire  objective  comes 
into  use.  Thereby  the  figures  of  all  uncolonred  parts,  which  are 
only  dieting uiahable  by  differences  in  their  refractive  indices, 
wore  or  less  completely  disappear,  while  the  coloured  light- 
absorbing  bodies  remain  visible.  We  distinguish  this  method  as 
"  isolation  of  the  coloui'ed  images." 

After  we  have  thus  made  ourselves  acquainted  with  the  different 
developmental  forms  and  methods  of  research,  we  will  now  point 
oat  the  methods  of  cnltnre,  which  come  into  nse  for  breeding 
bacteriads  ;  we  will  breed  a  definite  bacteiiad,  and  follow  out  more- 
over its  entire  development.  For  this  purpose  we  soak  dry  hay" 
in  the  smallest  possible  quantity  of  spring  water,  and  let  the 
infnsion  stand  for  four  hours  in  a  warm  chamber  at  a  constant 
temperature  of  36°  C.  (>■  about  96°  F.).  Then  pour  off  the  extract 
without  filterini;,  and  if  it  is  too  concentrated  dilute  it,  so  as  to 
be  more  safe,  to  a  specific  gravity  of  1  004.     Sow  place  the  fiuid 
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in  a  fluk  holding  at  least  500  ccm.  The  flask  is  stopped  with 
cotton-wool,  and  the  fluid  tben  boiled  very  gently  for  an  hour. 
Then  let  the  temperature  sink  to,  and  remain  at  36°  C.  In  the 
course  of  a  day  or  a  day  and  a  half,  a  delicate  grey  skin  will  have 
formed  on  the  snrface  of  the  flnid ;  this  consists  of  the  xooglaa 
et-age  of  BacHlua  siihtHU,  the  bacteriad  of  hay.  We  have  made 
use  of  the  power  possessed  by  the  spores  of  this  bacteriad,  of 
resisting  boiling  heat  for  a  long  time,  in  order  to  obtain  a  pure 
culture  of  them.  Bacteriads  in  general  are  distingniahed  by  their 
power  of  resisting  high  temperatures,  the  bacteriad  of  hay  stands, 
however,  foremost  in  this  respect.  Of  tho  pellicle  obtained  as 
above  we  now  transfer  a  little,  with  a  suitable  quantity  of  the 
Anid  to  an  objecl-slide,  and  examine  the  object  with  the  strongest 
magnification  which  we  have  at  command.     We  find  the  pellicle 


-•^ 


mine"  rodteM  (xlOOO)i 


foi-med  of  long,  segmented,  wavy  threads,  running  parallel  to  one 
another.  The  threads  remain  for  the  most  part  in  their  position, 
because  they  are  held  together  by  an  invisible  jelly  (Fig.  85  A). 
The  threads  consist  of  cylindrical  rodleta  of  various  length,  in 
general  however,  twice  or  thrice  as  long  as  bi'oad.  The  substance 
of  the  threads  appears  homogeneous,  colourless,  pretty  strongly 
refi'active.  Even  with  the  strongest  magnification  no  other 
structure  is  recognisable.  With  chlorzinc  iodine  the  rodlets  are 
stained  throughout,  and  very  clearly,  a  brownish  yellow.  The 
figures  are  thus  obtained  better  than  with  the  other  solntions  of 
iodine.  The  segments  of  the  threads  appear  thereby  in  general 
shorter  than  in  the  fresh  state,  because  now  all  the  limits  ara 


loy  Google 


or  BlCtLLnS  SUBTIUS.  S3s 

visible.  In  order  sharply  to  difFerentiate  the  rodlets,  we  can  stain 
them,  according  to  the  methods  already  known  to  as,  with  faohsine, 
methyl -violet,  gentiana-violet,  or  TeKuvin,  and  then  keep  them  as 
permanent  preparations  in  Canada-balsam  or  in  dammar. 

Ficro-nigTOsine  can  also  be  naed  with  advantage  for  fixing  and 
staining  the  preparation. 

If  we  focus  upon  a  particular  spot  in  the  pellicle  with  a  magni- 
fication of  about  1000,  we  can  observe  the  division  (segmentation) 
of  the  rodleta  direct.™  It  is  best  to  draw  the  piece  of  the  thread 
in  question  at  short  intervals  with  the  camera,  and  compare  the 
drawings,  so  as  to  show  the  changes  which  have  taken  place.  If 
abundant  food-stuff  is  still  in  the  fluid,  the  individual  rodlets 
divide  every  half-an-honr  to  an  hour  and  a  half.  The  higher  the 
temperature  of  the  room,  the  more  rapid  the  division.  The 
rodleta  increase  in  length  without  becoming  thinner ;  when  they 
have  attained,  however,  a  definite  size,  a  dark  partition- wall 
appears  across  their  middle.  This  process  of  division  explains 
the  arrangement  of  the  rodlets  and  threads;  it  explains  also  the 
wavy  conrse  of  the  threads,  which  grow  at  all  points  by  inter- 
calary growth,  and  if  the  ends  cannot  become  further  removed, 
the  thread  mnst  become  laterally  contorted.  For  this  reason,  the 
whole  pellicle  shows  a  wrinkling  visible  to  the  naked  eye.  We 
nest  transfer  a  fragment  of  the  pellicle  into  a  moist  chamber,  in 
order  to  examine  it  in  a  suspended  drop.  For  this  purpose  we  will 
use  the  simplest  possible  m.oist  chamber,  to  wit  a  small  frame  of 
pasteboard,  Snch  a  frame  is  cut  out  of  tolerably  thick  paste- 
board, its  inner  aperture  being  somewhat  smaller  than  the  size  of 
the  cover-glass  we  propose  to  use,  while  its  outer  diameter  does 
not  exceed  the  width  of  the  object-slide.  This  frame  is  soaked  in 
water  till  it  is  completely  saturated,  and  then  laid  upon  an  object- 
elide,*  On  the  middle  of  a  cover-glass  is  placed  a  drop,  spread 
fiat,  of  the  culture  fluid,  into  which  the  object  for  investigation 
is  transferred.  The  cover-glass  is  turned  rapidly  upside  down, 
with  the  drop  hanging  below,  and  laid  upon  the  pasteboard  frame. 
If  the  observation  is  to  be  long  and  continuous,  a  drop  of  water  is 
from  time  to  time  placed  upon  the  frame,  so  that  it  shall  not  be- 
come dry.      If  the  observation  is  interrupted,  the  preparation  can 

*  After  and  before  naing  the  pasteboard  cuICnre-cell  it  is  desirable  to  phce 
it  for  ft  fen  mioutes  in  alcohol,  bo  as  to  kill  any  organiami  vbicli  may  adlirre 
to  it,  or  tbe  culture  may  be  vitiated.  This  applies  equally  stioDgl;  to  othn 
cultures.     [Ed.] 
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be  protected  from  eraporation  in  a  lai^e  moist  chamber.  lo  order 
to  again  find  a  definite  spot  in  tbo  prepa,ration,  the  object-slide 
mast  be  brought  back  again  into  its  original  position,  for  which 
its  outline  can  be  drawn  with  a  sharply  pointed  pencil  Tipon  the 
stage.  It  is  still  better  in  this  and  similar  cases,  to  cut  a  cross  on 
the  stag's  by  means  of  a  sharp  instminent,  right  and  left  of  the 
central  apertaro.  Then,  when  the  object- slide  is  in  the  required 
position,  similar  crosses  can  be  made  npon  it  with  one  of  the 
sharply  pointed  colour  pencils  mentioned  in  the  Introdsction  or 
with  a  writing  diamond.  It  is  then  easy  later  on  to  replace  tlA 
object-slide  thus  marked  in  exactly  the  same  position.*  If  the 
food  materials  of  the  drop  are  -exhausted,  the  vegetative  segmenta- 
tion or  bipartition  is  arrested  and  the  spore  formation,  at  once 
begins.  After  the  lapse  of  from  six  to  eight  hours  there  can  bo 
seen  in  the ,  threads,  at  thereabouts  equal  distances,  ellipsoid, 
strongly  refraotive  spores  (Fig.  85  0)."  Elsewhere  the  threads 
appear  empty ;  only  the  colourless  sheaths  nnite  the  spores.  At 
some  places  in  the  preparation,  one  is  certain  to  find  spores  still 
in  course  of  formation.  They  appear  in  the  form  of  collections 
of  more  refractive  material  situated  most  usually  towards  the  ■ 
middle  of  the  rodlet.  The  aggregation  becomes  continually 
stronger,  while  the  rodlet  becomes  emptied,  and  at  last  the  for- 
mation of  the  spore  is  complete.  If  the  cultnre  is  allowed  to 
continue  some  hours  longer,  the  sheaths  of  the  rodlets  will  have 
become  indistinct,  and  after  the  lapse  of  about  a  day  the  spores 
appear  free,  and  sunk  to  the  bottom,  of  the  drop.  In  contra- 
distinction to  the  rodlets,  the  spores  hardly,  or  not  at  all,  stain 
with  gentiana  violet  and  the  other  stains  we  have  recommended, 
with  the  exception  of  tho  carbolizcd  fuchsine  and  alcohol  solu- 
tion given  on  page  235,  which,  especially  when  warmed,  stains 
the  spores  very  deeply.  Tho  spores  germinate  very  easily  if 
they  are  transferred  to  fresh  nutrient  fluid ;  more  slowly  at  the 
temperature  of  the  room,  quicker  at  SCO.  [  =  86°  F.].  It  is  best 
to  boil  them  for  five  minutes,  and  cool  them  slowly.  Then  in 
about  two  to  three  hours  wo  shall  sec  tho  commencement  of 
germination."*  The  spore -membrane  is  opened  on  one  side,  the 
minute  germ  begins  to   protrude  here,  and  elongates  gradually 

*  Fur  the  purpose  of  keeping  it  particular  spot  under  obEervation  for  several 
successive  days,  i.e.,  nitbout  removal  Irom  the  stage  of  the  microscope,  one 
end  of  a  few  strands  of  loos*  wick  can  be  inserted  between  the  layers  of  the 
pasteboaril,  while  tlie  other  end  can  dip  into  a  vessel  of  distilled  nater.  The 
water  sncketl  up  by  the  wick  will  keep  the  pnstebourd  moist.     [En.] 
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into  a  rodlet.  Its  hinder  end  remains  inserted  in  the  Bpore-caae. 
About  twelve  hours  elapse  before  the  rodlefc  divides  for  the  first 
time.  In  the  laeantime  the  preparation  will  show  all  stages  of 
germination.  As  a  rule,  the  germinated  rodlets  at  once  set  ap 
movement,  they  enter  into  the  " swarming  "  or  "roving"  st.age. 
Such  a  swarming  rodleb  still  carries  about  at  its  hinder  end  its 
spore-case.  The  number  of  the  "  swarmera  "  becomes  by  succes- 
sive divisions  continually  greater,  and  they  fill  the  entire  fluid 
before  the  beginning  of  the  formation  oE  the  pellicle.  Then  the 
^warmers  collect  on  the  surface  of  the  fluid,  come  to  rest  there, 
a.id  prodnce  the  pellicle.  The  rodlets  are  of  unequal  length,  and 
cousist  of  ft  varying  number  of  segments  (Fig.  85  B).  Their 
movement  is  serpentine.  We  allow  the  fluid  containing  the 
swarmera  to  dry  upon  the  cover-glass,  and  stain  tbem  then  by  one 
of  the  methods  givea  upon  pp.  234-5.^  The  swarmers  have  a 
cilinm  at  each  end,  the  identification  of  which  is  not  eaay.^  They 
are  most  readily  made  visible  if  the  dry  cover-glass  preparation  is 
stained  with  watery  extract  of  logwood.  In  order  to  6x  the  stain, 
the  cover-glass  can  be  laid  for  a  time  in  05  per  cent,  solution  of 
chromic  acid.  The  preparation  is  washed  in  water,  and  either 
observed  direct  in  this,  or  dried,  cleared  in  cedar  oil,  and  en- 
closed in  Canada  balsam. 

Let  us  now  select  for  examination  Bacterium,  TermOjiAie  constant 
accompaniment  of  numerous  processes  of  decay.  We  may  reckon 
pretty  well  with  certainty  to  find  swarmers  of  B.  Termo  in  water 
in  which  peas  and  beans  have  been  left  to  rot.  We  readily  pre- 
pare a  suitable  culture  if  we  take  a  drop  of  this  fluid  and  transfer 
it  to  a  proper  nutrient  solution.  For  such,  Cohu's  "  normal  solu- 
tion" can  be  recommended  j  this  consists  of  1  gr.  acid  phosphate  of 
lime,  1  gr.  sulphate  of  magnesia,  2  grs.  neutral  acetate  of  ammo- 
nia, and  I  gr.  calcium-chloride  dissolved  in  200  gra.  distilled  water. 
By  repeated  transfer  of  infected  drops  into  new  cnlture  fluid,  a 
pure  culture  will  at  length  be  obtained.  It  is  chai'acteristic  for 
B.  Termo  that  in  a  few  days  the  culture  fluid  becomes  milkily  tur- 
bid, and  forms  then  a  greenish  pellicle.  Microscopical  investiga- 
tion shows  rod-like  cells,  of  about  0'0015  mm.  long,  and  from  J  to 
-j;  that  in  breadth,  in  course  of  active  bipartition,  and  thence  united 
in  pairs,  but  scarcely  in  large  rows.  The  movement  is  peculiarly 
jerky.  Motionless  individuals  fill  the  zooglcea,  which  ultimately 
forms  a  greenish  slimy  skin  or  clots  on  the  surface  of  the  fluid. 
Spore-formation  has  not  yet  been  observed.     If  we  examine  swarm- 
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ingbacteriainadropof  flnid  nnderacover-glasg,  it  will  beaBenthat 
the  movement  eooa  ceases.  For  the  obserTation  of  this  phenomenon 
the  swarmera  of  B.  Termo  are  very  well  suited.  After  obtaining 
an  itctive  pure  culture,  as  described  above,  a  drop  of  the  Said  con- 
taining the  swarmera  is  observed  under  a  cover  glass ;  the  move. 
ment  is  soou  seen  to  cease.  It  is  continned  longest  aroand  any 
enclosed  air  babbles,  and  at  the  edges  of  the  cover-glass.  Bonni^ 
the  edge  a  thick  layer  of  swarmers  will  soon  have  collected,  cutting 
off  all  entrance  of  air.  Ultimately  all  the  swarmers  come  to  rest. 
If,  however,  in  making  the  preparation  we  have  enclosed  in  it  a 
green  algal  thread,  the  movement  of  the  swarmers  continues  around 
this  thread  so  long  as  it  is  subject  to  the  influence  of  light.  They 
collect  in  considerable  number  round  the  thread,  and  if  this  contains 
chromatophores  confined  to  special  parts,  these  parts  are  sought 
out  by  the  bacteria.  The  oiygen  given  oat  by  the  chromatophores 
acts  as  a  stimnlns,  which  causes  the  movement  of  the  bacteria,  and 
determines  even  the  direction  of  the  movement.  For  example,  in 
Spirogyra  the  aggregated  bacteria  follow  the  green  band.  If  the 
preparation  is  placed  in  darkness,  the  movemeut  ceases  also  around 
the  green  cells;  and  it  recommences  immediately  the  thread  is  again 
exposed  to  the  action  of  light,  whereby  it  begins  to  assimilate  and 
to  give  off  oxygen.  The  swarming  stage  of  bacteria  is  therefore  a 
very  suitable  reagent  for  oxygen,  and  it  has  been  made  nse  of  in 
order  to  measure  the  strength  of  the  assimilation  of  carbon  in  tha 
different  parts  of  the  epeotram,  and  so  in  some  degree  to  measure 
the  relative  values  for  this  purpose  of  the  various  rays  which 
coQstitate  white  light.  Special  micro- spectral  objectives  can  be 
obtained  for  the  purpose  of  throwing  a  small  spectrum,  npon  the 
object  slide  under  the  microscope  ^  or,  if  such  a  micro- spectroscope 
is  not  at  onr  disposal,  we  can  obtain  an  incomplete  idea  of  the 
energy  of  the  assimilation  of  carbon  under  the  influence  of  different 
rays  by  allowing  the  light  to  pass  through  coloured  glass  or 
coloured  fluids  the  spectroscopic  character  of  which  we  had  pre. 
vionsly  determined. 

Breeding  experiments  with  bacteriads  are  chiefly  carried  on  in 
Florence  or  conical  flasks,  or  in  test-tubes.^*  Many  cultures  are 
carried  on  direct  upon  the  object  slide.  Object  slides,  vessels,  and 
all  the  utensils  to  be  used  must 'be  sterilized.  This  is  effected  by 
passing  them  quickly  through  a  gaa  or  spirit  flame,  or  laying  them 
before  the  beginning  of  the  experiment  in  absolute  alcohol,  which 
quickly  evaporates  after  removal.     The  particular  nutrient  fluids 
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for  the  cultures  are  boiled  in  the  vessels  which  ai'e  to  be  used, 
and  which  must  be  closed  with  &  cottbn-wool  stopper.  In  generaJ 
it  is  desirable  to  boil  the  nutrient  flaida  for  a  short  time  on  each 
of  several  snccessive  days.  In  this  way  all  the  bacteriada  which 
have  in  the  meantime  germinated,  and  which  then  bear  a  high 
temperature  far  less  than  do  the  spores,  are  killed.  It  is  assumed 
that  after  five  days  all  the  spores  are  killed.  For  greater  certainty 
the  nutrient  finid  can  be  allowed  to  stand  another  day,  before  it  is 
used  for  the  inoculation  ;  if  it  remain  clear,  it  is  assumed  that  it 
is  sterilized.  That  boiling  for  an  hour  does  not  always  serve  for 
killing  the  spores,  we  can  see  in  the  culture  o£  Baciilua  sublitii. 
The  infection  of  the  cultures  arises  usually,  not  from  the  air,  bat 
from  incompletely  sterilized  vessels.  The  danger  of  infection 
from  the  air  in  the  temporary  opening  of  the  vessels  for  the 
purpose  of  sowing  ("inocula,tion ")  is  far  less  great  than  that 
which  arises  from  incompletely  sterilized  vessels," 

To  obtain  pnre  material  for  inoculation  in  cnltures  on  a  largo 
scale,  various  methods  can  be  followed: — 

1.  The  inetkod  of  fractional  culture?^  This  is  based  upon  the 
experimental  fact  that  of  several  kinds  of  bacteriads  growing  in 
the  nutrient  fluid,  one  ultimately  gets  the  upper  hand.  If  now 
from  a  cnltui-e  which  has  progressed  thns  far  a  little  is  trans- 
ferred into  a  second  solution,  free  of  fungi,  and  after  a  similar 
length  of  time  from  this  into  a  third,  and  so  on,  there  is  a  chance 
of  ultimately  obtaining  a  perfectly  pare  culture,  that  form  always 
remaining  last  which,  under  the  given  conditions,  multiplies  most 
quickly. 

2.  'Ike  Melhoi  of  Dilution,-'^  When  the  bacteriad  which  is  to 
be  bred  preponderates  in  the  fluid,  this  method  gives  usually 
very  good  results.  The  fluid  containing  the  bacteriad  is  diluted 
with  water  free  of  fungi,  until  by  casual  estimation  only  one 
bacteriad  comes  into  a  di-op  of  the  fluid.  If  the  form  to  be  bred 
distinctly  preponderates,  and  a  series  of  vessels  containing  the 
nutrient  fluid  are  inoculated  each  with  a  drop  of  the  fnngus- 
containing  solution,  all  the  probabilities  are  that  in  the  majority 
of  the  vessels  pure  cultures  will  be  obtained.  [See  note^'*.] 
Whether  a  culture  in  a  nutrient  fluid  is  pure  can  in  general  be 
determined  even  macroscopically,  by  the  fluid  being  uniformly 
turbid,  or  showing  uniform  formation  of  skin  on  the  surface,  or 
uniform  formation  of  clonds  at  the  bottom,  or  nniform  coloration, 
or  uniform  formation  of  jelly.     The  purity  of  a  culture  is  likewise 
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BSBDmed  in  which,  strong  fermentation  or  inteuse  pntresceuce 
reMults.^ 

3.  Gelatine  Culture.^  This  method  gives  the  best  resolts,  and 
has  led  to  the  greatest  pr(^refl3  in  oar  knowledge  of  bacteria.  In  it 
the  nutrient  flnid  is  mixed  with  gelatine,  with  agar-agar,*  or  with 
blood  sernm.  Most  commonly  used  is  a  mixture  of  infusion  of  pep- 
tone and  gelatine,  in  which  the  gelatine  forms  5  per  cent.  050  grm, 
gelatine  is  soaked  and  boiled  in  500  com,  water.  Half  a  kilo,  of 
chopped  meat  is  allowed  to  stand  cold  iu  500  ccm.  water  for  24 
hours,  then  the  meat- infusion,  obtained  by  pressing  the  meat,  is 
boiled,  filtered  through  fine  gauze,  and  mixed  with  the  gelatine; 
add  10  grm.  peptone  and  1  grm.  common  salt,  neutralize  it  with 
carbonate  of  potash,  or  with  carbonate  of  soda  or  phosphate  of 
soda,  and  filter  throngh  filter  paper.t  Pat  into  a  test-tube 
10  to  15  ccm.  of  this  nutrient  gelatine,  close  it  with  a  ping  of  cotton 
wool,  and  sterilize  it  by  continuous  boiling  for  many  hours,  or 
better  by  boiling  for  half  an  hoar  on  each  of  several  successive 
days.  In  many  cases  it  is  recommended  during  the  final  cooling 
of  the  nutrient  gelatine  to  bring  the  test-tube  into  a  somewhat 
inclined  position,  whereby  the  free  npper  surface  of  the  fluid  is 
enlarged.  According*  to  need,  the  quantity  of  nutrient  gelatine 
can  be  reduced  to  2'5  per  cent,  or  raised  to  10  per  cent.  In  similar 
manner  to  this  meat-infusion  peptone  gelatine,  can  also  be  pre* 
pared  hay-infusion  gelatine,  wheat- in  fusion  gelatine,  aqneoas 
humour  gelatine,  meat-extract  peptone  gelatine,  meat- infusion 
peptone  gelatine,  with  1  per  cent,  cane  or  grape  sugar,  etc.  In 
case  the  culture  shoald  be  maintained  at  incnbation  temperature, 
it  is  prefei-able  to  add  agar-agar  or  blood  serum  to  the  nntrient 
duids  instead  of  gelatine.  Such  a  nutrient  basis  remains  solid  at 
incnbation  temperature,  while  gelatine  nutrient  basis  becomes 
fluid.  It  is  prepared  by  adding  1  per  cent,  agar-^ar  to  the 
nutrient  fluid.  The  method  of  preparation  of  cooled  blood-serum 
is  more  complicated.  The  blood  of  the  killed  animal  is  drawn  im- 
mediately out  of  the  wound  into  a  pretty  tall  vessel  provided  with  a 
glass  stopper  and  previously  sterilized.  This  vessel  is  filled  right 
up  to  the  brim,  and  placed  for  24-30  hours  in  a  refrigerator  or  ice- 
bath,  until  a  copious  layer  of  entirely  transparent  amber-yellow 

*  AgiiT-agar,  or  Bengal  iainglasa,  ia  a  species  ot  dried  soaweed  from  Singapore, 
consisting  ot  email,  colourless,  iranspareut  strips ;  is  almost  completel;  solable 
in  water,  and  forms  a  tbiob,  tasteless,  nud  odourless  jellj. —  [En.] 

t  One.teDth  ot  tliese  proportions  would  fully  suffice. —  [Bd.] 
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coloared  Benini  ia  formed  over  the  cake  of  blood.  By  meana  of  a 
pipette  a  test-tube  ia  filled  with  the  aeram,  and  stopped'  with 
a  cotton-wool  ping.  The  ping  has  been  previously  heated  for  an 
hour  in  a  warm  bath  of  150°  to  160°  C,  and  so  sterilized.  The 
blood-sernm  should  now  be  warmed  in  the  open  water-bath,  on  five 
successive  days,  for  one  honr  each  day,  to  a  temperature  of  58°  C. 
On  the  last  of  these  days  the  temperatnre  should  b»  allowed  to 
rise,  from  half  to  one  honr,  to  65°  C,  by  which  the  blood-semm 
"  seta."  Sheep's  serum  sets  the  most  quickly,  calf  serum  the  most 
slowly.  The  coagnlated  serum  mast  be  completely  clear  and  pel- 
Ittcid;  if  it  is  not  perfectly  sterilized  it  benomes  cloudy  imme- 
diately.* It  can  be  used  by  itself  or  be  added  afl  a  "  setting " 
constitnent  of  the  nutrient  fluid.  The  solid  nntrient  basis  can 
also  be  nsed  with  ffood  results  for  microscope  slide  cnltare.  While 
the  sterilized  nutrient  gelatine,  t^ar-agar,  or  blood-serum  respect- 
ively are  still  flnid,  a  small  quantity  of  either  can  be  poured  on  a 
sterilized  object-slide,  so  that  the  layer  of  it  after  setting  ia  about 
2  mm.  (-^  inch)  thick.  After  the  subsequent  inoculation  this 
object-slide  is  placed  under  a  bell -jar  closed  with  water,  or  in  a 
case  made  of  plaster  of  Paris.  A  case  made  entirely  of  plaster 
of  Paris,  with  a  plaster  of  Paris  cover,  is  very  suitable  as  a  moist 
chamber  for  the  cnltivation  of  fnngi  and  bacteria,  which  do  not 
need  the  light,  because  the  moisture  is  very  uniformly  distributed  , 
in  it,  and  no  drops  of  water  fall  down  from  above  on  to  the 
preparation.'*  Instead  of  inoculating  on  the  object-slide,  thia  can 
bo  done  with  the  nutrient  gelatine  while  still  in  the  test-tube,  ' 
warmed  up  to  about  25°  C.  (  =  77°  P.),  and  so  made  QniA,  with' 
which  the  inoculating  material  is  uniformly  mixed,  and  which-  ia 
then  poured  on  the  object-slide.  If  different  organisms  are  repre- 
sented in  the  inoculating  material,  they  now  form  on  the  object- 
slide  separate  colonies,  each  of  which  nsnally  represents  ior  itselfi 
a  pure  culture.  The  pnrity  of  individual  colonies  can  be  proved 
directly  nnder  the  microscope ;  and  in  that  way  pure  material  can 
be  selected  from  them  for  future  inoculation ii.  The  macroaoopical 
appearance  of  the  colonies  ia  moreover  often  characteristic,  and 
can  lead  to  the  recognition  of  forms  which  are  otherwise  difficult 
to  distingnish  m.icroscopically.  Thus  the  form  of  the  colonies^ 
their  coloi-ation,  the  oircnmstance  whether  the  nutrient  boily  be- 
comes Snid  or  not,  whether  the   colonies  themselves  ultimately 
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Btain,  aci-ve  aa  good  indications  of  the  nature  of  the  bacteriods. 
The  inocDiatioD  of  a  nntrient  finid,  or  of  a  solid  nntrient  body,  is 
effected  by  i^eana  of  a  needle  which  has  jaet  been  heated  red-hot, 
but  is  already  quite  cool,  or  with  a  platinam  wire  jnat  beatcd. 
For  this  purpose  the  solid  nntrient  body  on  the  object>slide  is 
Bci-atched  with  the  wire  or  needle  afier  it  has  been  dipped  in  the 
bacterial  flnid.  If  the  solid  nutrient  body  is  in  the  interior  of  a 
test-tube,  the  needle  or  wire  is  stack  in  to  the  depth  of  from  j  to 
f  inch.  The  mode  of  development  in  nutjient  bodies  inaide  the 
test-tnbe  is  also  characteristic,  and  often,  like  to  the  characteristic 
signs  in  cultures  on  the  object-slide,  permits  macroscopic  dis- 
tinctions of  separate  forms. 

Slices  of  boiled  potatoes  are  eapecially  saitabie  as  a  solid  npaqne 
nntrient  basis  for  bacteria.  The  surface  of  the  tnbera  is  first 
made  free  from  spores  by  careful  washing,  and  then  exposure  for 
about  one  hour  to  the  action  of  a  3  per  cent,  solution  of  corrosive 
sublimate.  The  taber  is  then  washed  in  sterilized  water,  and 
boiled  so  as  to  make  sterilization  certain.  Only  those  tubers  mnat 
be  used  which  do  not  crack.  In  catting  the  potatoes  the  necessary 
precautions  must  be  taken,  and  the  hands  also  be  disinfected  with 
1  per  cent,  solution  of  sublimate.  The  slices  of  potato  are  then 
placed  under  sterilized  vessels.  If  the  dishes  are  not  completely 
sterilized,  we  shall  find  upon  them  the  so-called  potato  bacillus, 
forming  a  white,  then  grey,  and  finally  brown  wrinkled  layer. 
This  bacteriad  is  actively  motile,  and  is  very  disposed  to  the  for- 
mation of  spores,  which  fill  well-nigh  the  whole  mother-cell.  It 
has  been  more  recently  proposed  to  sterilize  the  potato  disks 
themselves.  For  this  purpose  a  potato  tuber  ia  peeled,  then 
washed  and  cnt  up  into  slices  about  1  cm.  thick,  which  are  laid 
singly  in  amall  covered  glaaa  dishes  of  corresponding  size,  and 
previously  sterilized.  The  dishes  are  now  laid  for  from  three 
iiuarters  of  an  hour  to  au  hour  in  a  steam  chamber,  by  which  the 
potato  disks  are  also  sterilized.  These  potato  disks  can  then  be 
proaerved  unchanged  for  months. 

If  it  ia  deairod  to  follow  the  processea  of  development  of  a  form 
directly  under  the  microscope,  it  is  done  with  the  aid  of  small 
moist  chambers.  For  pure  cultnrea  lasting  a  longer  time  the 
pasteboard  chamber  previously  referred  to  is  not  aufBcient.  For 
such  purposes  a  chamber  made  out  of  a  glass  ring  is  recomraended." 
Such  a  glass  ring,  about  -i-  inch  thick  (high)  is  broken  off  from  a 
glass  tnbe  of  saitabie  diameter.     The  glass  nug  is  flattened  on 
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bfjth  of  its  ends  (sides)  on  a  whetstone,  and  fined  upon  the  object- 
slide  with  Canada-balsam.  A  ronnd  corer-glass  of  snitable  size 
seiTea  as  a  cover.  The  thinnest  possible  layer  of  the  gelatine, 
aKar-agoi*,  or  bleod-seram  nntrient  body  is  placed  in  the  middle 
of  the  cover-glass,  and  this  layer  is  afterwards  inoculated.  The 
cover-glass  is  fixed  on  the  glass  chamber  by  means  of  oil-drops  mn 
ronnd  its  edge.  A  thin  layer  of  water  at  the  bottom  of  the  glass 
chamber  eecures  the  necessary  moietnre.  Such  a  moist  chamber 
can  be  converted  into  a  gas  chamber  when  the  glass  ring  has  two 
lateral  openings  into  which  are  melted  or  stuck  glass  tubes  which 
serve  for  the  introdnction  and  removal  of  gases.  Another  moist 
chamber,  likewise  to  be  recommended,*^  consists  in  an  object-slide 
with  a  fiat  central  ronnd  or  quadrangular  hollow,  which  is  sur- 
ronnded  by  another  narrow  groove  (or  channel)  cnt  still  more 
deeply.  This  groove  is  filled  with  water.  The  cover-glass  nsed 
mnst  be  of  sufficient  size  to  completely  cover  up  this  external 
groove,  and  pi\)ject  all  round  on  to  the  unhollowed  portion  of  the 
object-slide.  For  cultures  at  constant  and  more  elevated  tempera- 
tares,  double- walled  propagating  chambers,  with  suitable  warming 
appliances,  will  bo  needed,' 


NOTES  TO  CHAPTEB  XXL 

*  For  the  staJements  here  following  compare  ZopI,  die  Spallpihe ;  (uid  De 
Bary,  Va-gL  ilorph.  U.  Biol,  dir  Filte.  Mycttoi.  unrf  Bacterien,  p.  430 ;  in  boUi 
tliese  works  the  general  literature  is  given.  For  the  ataiDing  metbods  I  adbeie 
ebiefl;  to  Hoyar,  Oazeta  Ukania,  1884. 

*  Aeoording  to  Errera,  Bull,  de  la  Sot.  Beige  de  Micr.,  torn.  X.,  No.  11. 
»  ZeiUchr.filr  iciii.  Mikros.,  Bd,  I.,  p.  ill. 

*  Accordiug  to  Bruo,  taken  from  Fol,  in  Lehrt.  d.  vtrgl.  mHar.  Anat.,  p.  37.  ' 

*  Englar,  Berieht  der  Commiition  tar  Erf.  d.  deut.  Mtert,  1881 ;  ZopI,  die 
Spaltpilte,  pp.  13,  75,  et  eeq.,  nLete  the  other  literature  Ib  qaoted. 

8  Compare  Cohn,  Btitrdge  iw  Biologic,  Bd.  I.,  p.  135. 

*  Compara  the  literature  on  this  sabject  in  Zopf,  die  Spaltpihe,  1883. 

">  Zopf,  I.e.,  p.  5.      [See  also  W.  B.  Grove,  Bacteria  and  Yeatt  Fungi,  1884.] 
»  From  B.  EocL,  Berliner,  klinUcht  WochemeliTift,  1883,  p.  221. 


*  Such  an  appnratns  can  be  obtained  from  fir.  Bobert  Mnencke,  in  Berlin, 
Loiiiseustraese,  68.  or  from  Dr.  Hermann  Bolirbeck,  Berlin,  Friedrichatiaase, 
lOd,  at  aaeipenadof  from  35  to  SOU.  Tlie  propai{iitiug  cbamberaof  d'Arsouval, 
wuiohcoet  hovieverof  Dr.  Moeocke  from  72  to  108  M. ,  or  of  Dr.  Kohrbeck  28  to 
130  M.,  are  to  be  specially  recommended. 
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"  Compare  on  tbis  point  0.  Friedl^der,  Stikr.  Tecknik,  II.,  edit,  p.  63. 

"*  Neelson's  metbod,  according  to  Hojet. 

"  Aooording  to  Soubbotine,  Areli.  de  Fhy$.  fwrni.  et  path.,  Tom.  XIII.,  1S81, 
p.  477. 

"  According  to  Hoyer,  l,e. 

"  Waigert,  Virchow'i  Archie,  Bd.  LXXXIV,,  p.  201;  Firket  in  Bizzoaero'a 
Frenah  translation  of  the  Mantitl  dt  micr.  din.,  p.  814. 

"  Gram,  Forlichr.  d.  Med.  188i,  p.  185. 

"  Victor  Babes,  Archw.  fur  mikr.  Aaat.,  Bd.  XXII.,  pp.  359  ftnd  361. 

"  Introdaced  by  B.  'Eocb;  Ciitert.  Sber  Att.  4.  WiiadinJfetioiakTankhHU», 
Leipzig.  1878. 

'*  According  to  a  method  recommended  b;  Boberts  and  Bncbnei;  compare 
Zopf,  dit  SpalipiUe,  p.  57,  to  which  work  I  bare  in  general  refurred  aa  a  source 
[or  the  other  literature. 

^  Compare  Brefeld,  Sehimtiulfilze,  HeTt  IV.,  p.  38. 

"  Brefeld,  l.e.,  p.  43. 

"  Cf.  Koch,  in  Cohn'a  Bfitrage  t.  Biolog.,  Bi.  II.,  p.  403. 

^  Brefeld,  I.e.,  p.  40. 

^  Buehner,  in  Naegeli'e  Vnien.  Ob.  tiiedr,  Pilze,  p.  192,  where  ore  representa- 
tions of  the  special  lorms  of  glasses  need  for  culture  experimenta. 

«  Buohner,  Sczher.  d.  kaagl.  iuir.  Akad.  der  Wi$aea*ch.,  1880,  p.  881,  and 
in  Naegali's  lliiteri,,  as  above,  p.  169. 

"  Emplojed  by  Klabs;  Archiv.f.  txper.  Path.,  Bd.  I.,  p.  46;  for  the  rest  I 
have  again  had  recourse  to  Zopt,  Spalljiihe,  pp.  43  B, 

-■  From  Naegeli,  Stzher.  d.  kgl.  hair.  Ak.  d.  Wist..  IBSO,  p.  410,  and  Vntevi. 
UbermedT.Fihe.p.  13;  Buohner,  Stzbtr. d. kgl. bair.  Akad.  d.  WMwiUBft.,  1880, 
p.  374,  and  in  Naegeli'a  Vnteri.  Uber  nitdr,  Pihe,  p.  14G. 

^•'  AcBordiog  to  H.  Fol  and  P.  L.  Pnaant  (Areh.  des  ae.  phyi,  et  nat.  dt 
Geiilve,  tom.  XIII..  1885,  p.  116),  tbis  same  method  oan  be  emplojed  to 
determine  the  immber  of  Bacteria  contained  in  a  given  quantity  of  a  fluid. 
This  fluid  ia  diluted  up  to  a  certain  point  with  sterilized  water ;  then  a  portion 
is  taken  and  added  to  a  known  quantity  of  autrient  flaid,  and  this  mixture  ia 
divided  equally  amongat  a  uumber  ol  glasaes.  The  number  of  glasses  which 
remain  sterile,  compared  with  the  total  number,  and  with  the  qnantity  of  fluid 
taken,  enables  us  to  calculate  the  number  of  Bacteria  in  the  original  fluid.  II 
all  the  glasses  contain  Bacteria,  the  fluid  employed  has  not  been  suMciently 
diluted.] 

^  According  to  Zopf ,  I.e.,  p.  44. 

"  Introduced  b;  Brefeld  ;  compare  SchitanielpiUc.  Heft  I.,  p.  15.  Completed 
by  B.  Eoch.  Compare  B.  Koch.  Zur  UnteyitKli.  patliol.  0rgani4men,  eitracted 
from  Kaiierl.  OtiiiiidheiUiimte,  1881,  p.  18,  and  numerous  other  reaearohes  in 
the  same. 

"  Bainier,  ^nnal.  dei  Sc.  Nat.  Dot.,  Series  VI.,  tom.  XV.,  p.  346. 

^'  According  to  Van  Tiegbem  and  Le  Mounier,  Annalei  da  Ucieacn  Naturaitt, 
Dotaniqiie,  V.  ser.,  tom.  XVU.,  p,  263. 

"  Dippel,  Da$  iliknakop,  2nd  edit.,  p.  6fi3 ;  GrundiUge  dtr  alijj.  Mikr. 
p.  295. 

[The  best  work  npoD  Bacteria  and  Bacteria  culture  in  the  English  language  is 
Crookshaak's  llanval  of  Bacteriology.    London :  Lomia.] 
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[Hott  to  page  222.1 

■  The  protoplasm  of  bacteria,  like  other  protoplBsm,  coloars  browoiah-yellow 
with  iodine,  and  may  be  eitber  homogeneous  or  granaUr.  In  general  it  is 
iiBtnrally  colonrless,  io  a  few  eases  ia  green  from  the  preaence  of  a  eblorophyll- 
libe  aoloDring  matter  (BacUliu  virldit)  or  bright-red  (Beggiatoa  Toieo-penicina). 
It  is  iiuite  possible  that  oa  our  vegetable  diaka  some  oolonred  form  ma?  moke 
its  appearonoe. 

[Note  to  page  223.) 

*  iDstead  oC  uaing  an  intasion  for  the  parpose  of  rearing  bacteria,  we  can, 
as  noted  above,  use  a  solid  Bubetratum  ot  aa  organic  nature.  Ver;  favourable 
tor  the  purpose  are  sUoes  dI  potato  or  of  the  white  o(  a  bard-boiled  egg.  If 
these  are  kept  iD  a  warm  place,  and  covered  with  a  bell-jar,  so  as  to  retain  a 
moist  atmosphere,  or  according  to  one  of  the  methods  hereafter  to  be  detailed, 
various  patches  of  ooccns  bacteria,  often  highly  coloured,  will  make  their 
appearance,  amongst  tbem  probably  being  the  blood-red  Mierococcui prodigioiia. 
These  patches  enlarge,  and  at  length  join  into  a  kind  of  skin.  On  the  potato 
they  uanalty  take  the  form  ot  a  whits,  latter  on  grey,  and  finally  brown,  wrink- 
led skia. 
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CHAPTER  XXn. 
THK  BEPBODUCTION   OF  ALQM. 

Material  Wanted. 

Spiroir'jra  in  conjugation.     Fresh. 

Cladophora  glomeratu,  taken  from  quicklj-flowing  water.     Freeh. 

Vaueherti  eetrili*.     Fresh.    Also  the  terrestrial  farm  of  the  same, 

with  the  seinal  organs* 
Fiieaa  pJatyearpue.    Fresh,  and  in  alcohol. 
Fv.ca$  vericulofaa.     Fresh,  and  in  alcohol. 
Cliurafragilis,  and  Nitdla  sp.     Fresh. 

Now  that  WB  have  obtained  information  in  the  general  sphere 

of  morphological  investigation  amongst  higher  as  well  as  lower 
vegetable  organiama,  it  will  be  oar  task  to  make  onrselves  ac- 
quainted with  the  most  important  of  those  problems  which  the 
Bpecial  morphology  of  microscopical  investigation  provides.  In 
this  we  shall  take  jnst  the  opposite  way  to  that  we  have 
hitherto  followed,  and  ^owly  mount  from  the  simplest' groups 
of  organisms  to  those  most  highly  organized.  We  have  already 
made  a  commencement  in  onr  last  chapter  npon  the  Bacteria, 
to  the  entire  cycle  of  development  of  which  we  have  directed 
our  attention.  In  the  whole  of  this  life-cycle  there  was  no 
indication  of  separate  sexuality.  The  process  of  mnltiplication 
was  vegetative,  or  asexual.  Organisms  of  somewhat  higher  grade, 
however,  show  both  of  these  processes,  vegetative  or  ascsnal 
multiplication,  on  the  one  hand  of  entire  organisms,  or  on  the 
other  hand  of  the  constituent  cells  of  those  organisms,  and  the 
commencement  of  the  life-cycle  of  new  individuals  through  pro- 
cesses of  more  or  less  complicated  sexuality.  We  will  now 
continue  with  the  examination  of  the  asexual  and  sexual  processes 
amongst  the  Algai. 

Opportunity  is  not  i-are  for  examining  the  various  species  of 
Spirogyra  in  process  of  Conjugation.'  This  is  recognisable  out  of 
doors  by  the  crinkled  look  [rather  yellowish]  and  hanging  together 
li:^  cnn  probably  be  abtoined  from  T.  Bolton,  NenhaJl  Street, 
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of  their  maBses  of  threads.  The  process  can  be  easily  followed, 
bat  the  threads  mnst  not  be  directly  covered  with  a  cover-glass 
opon  the  object-slide ;  but  on  the  other  hand  the  small  pasteboard 
moist  chamber,  described  on  page  174,  will  serve  with  advantage, 
and  then  the  Spirogyra  is  placed  in  the  drop  suspended  from  the 
cover-glass.  Conjugation  in  most  species  takes  place  in  ladder- 
like fashion,  i.e.,  two  threads  lying  alongside  one  another  are 
united  by  cross- bridges.  The  cells  put  out  short  blnnt  projections, 
which  come  into  contact  and  fuse  with  one  another.  In  many 
cases  it  can  be  distinguished,  before  conjugation,  which  thread  is 
male  and  which  female,  since  the  cells  of  this  latter  swell  out  into 
barrel-shape.  After  the  union  of  the  conjugating  processes,  the 
contents  of  the  male  cell  tend  first  to  become  rounded  off,  and 
finally  withdraw  on  all  sides  from  the  cell-wall.  They  then  pass 
into  the  conjugating  canal,  and  through  the  partition  walls  of  the 
two  conjugating  processes,  which  in  the  meantime  had  become 
softened.  The  female  cell  had  simnltaneonsly  ronnded,  or  rounds 
off  on  entrance  of  the  male  cell.  Both  cells  come  into  contact,  and 
after  a  few  minutes  coalesce.  Their  contents  blend ;  the  chloro- 
phyll bands  join  together ;  the  two  nnolei  nnite  into  a  single  one,^ 
this,  however,  not  being  visible  without  the  nse  of  staining  re- 
agents. The  zygote  [zygoapora]  thns  formed  begins  at  once  to 
contract ;  after  the  course  of  an  hour  its  cavity  [hitherto  filled 
with  cell-sap]  has  completely  disappeared  [the  cell-sap  being 
expelled].  In  tl^s  contraction  the  chloi'ophyll  bands  are  drawn 
more  into  the  interior,  while  the  periphery  appears  composed  of 
colourless  frothy  protoplasm.  The  zygote  [zygospore]  is  more 
or  less  globniar.  After  the  lapse  of  twenty-fonr  hours,  it  has 
again  enlarged,  acquired  a  cavity,  and  taken  an  ellipsoidal  form ; 
the  chlorophyll  bands  are  pressed  to  the  periphery,  and  a  clear 
membrane,  with  double  contour,  now  covers  the  zygote. 

This  process  of  copjngation  we  have  just  studied  is  characteristic 
of  the  entire  section  of  Algee,  collected  together  as  Co^jngatie.  To 
this,  besides  the  species  of  Spirogyra,  so  widely  diffused  in  freeh 
water,  belong  also  the  almost  equally  widely-spread  species  of 
Zygnema,  recognisable  by  two  atellftte  chromatophorsa  in  each 
cell,  and  the  elegantly  formed  Desmideie.  Into  close  connection 
-with  these  latter  we  can  bring  the  Diatomacera,  in  which  typical 
conjugation  is  likewise  present. 

The  genus  Oladophora,  belonging  to  the  CUorophycetB,  the 
Btruotore  of  which  is  already  known  to  as,  provides  ns  with  a 
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i-igbt  faroarable  object  for  the  etady  of  svann-sporea ;"  it  is  oiil^ 
to  be  fegretted  that  tbey  are  not  always  Inclined  to  the  prodaction 
of  swarm- spores.  It  ia  coraparatively  easy  to  obtain  swarm-spores 
of  the  marine  forme,  which  we  lay  in  a  lai^  vessel  with  sea- 
water;  stillftmongst  fresh- water  forms,  CTfw/opAoTMjiomerafa,  if  taken 
from  i-apidly-flowing  water,  and  laid  abont  evening  in  a  shallow 
vessel  with  a  layer  of  water  about  -l-inch  deep,  will  be  found  with 
ewarm-sporea  uSQally  next  day.  The-  formation  oE  these  com- 
mences at  the  apex  of  th-e  branches,  and  proceeds  towards  their 
bases.  Hence  all  stages  at  developmetut  are  easily  fonnd  close 
together.  *  We  look  at  these  in  the  direction  from  the  base 
towards  the  apex  of  the  branch,  and  commence  with  a  still  un- 
changed cell.  The  stractnre-  of  this  is  already  known  to  ns. 
What  is  visible  withon't  reagents  we-  soon>  recognise  again :  the 
polygonal,  closely-crowded  chromatophores,  which  contain  small, 
pale  starch-gi'aimles.  in  part  also  having  larger  amyl am- groups ; 
the  plasmic  plates  which  traverse  the  cavity  of  the  cell,  and  in 
part  also  contain  chromatophores.  If  we  pass  now  gradually  from, 
such  a  cell  to  such  as  are  being  transformed  into  Bpirai^fik,  first 
of  all  a  change  of  the  colour  of  the  contents  strikes  us.  With  a 
sufficiently  high  power  we-  can  determine  at  the  same  time  the 
absence  of  the  amyl um- groups  ;  these  have  fallen  into  individiial 
starch-grannies,  and  simitiltaneously  has  come  abont  a  subdivision 
of  the  chromatophores  into  smaller  ones.  In  the  next  stage  the 
chromatophores  begin  to  arrange  themselves  into  a  net,  so  that  the 
entire  contents  of  the  cell,  su>rronnding  a  narrower  or  wider 
cavity,  appear  divided  into  approximately  equal  polygonal  sections. 
The  middle  of  each  of  such  sections  is.  free  of  granules,  and  fixed 
and  stained  objects  teach  as  that  a  nucleus  lies  there.  At  the  same 
time  the  peripheral  layer  around  the  whole  contents  of  the  cell 
increases  in  thickness,  and  becomes  readily  visible.  It  is  especially 
thick  at  the  angles  of  the  cell.  At  one  place,  usually  in  the 
neighbourhood  of  the  front  end  of  the  cell,  and  in  terminal  cells 
occupying  the  anterior  end,  is  still  noticeable  a  lenticular  aggre- 
gation of  colourless  protoplasm.  Corresponding  with  the  centre 
of  this  aggregation  the  membrane  of  the  ceil  swells  and  bulges 
out,  likewise  as  the  resalt  of  the  increase  in  volume  due  to  the 
swelling,  into  a  papilla-like  projection.  The  next  change  consists 
in  that  the  chromatophoi'ea  withdraw  towards  the  interior  of  the 
polygonal  sections,  and  these  latter  appear  bounded  towards  one 
another  by  dear  lines.     The  sections  then  begin  to  ronnd  off,  and 
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SO  partially  to  separate  from,  one  another.  The  peripheral  sections 
now  project  outwardly  aa  roundieh  tnobs.  The  colourless  peri- 
pheral protoplasm  takes  no  part  in  the  differentiation  of  the 
chlorophyll-containing  contents  into  individual  sections,  bnt  is 
transformed  into  a  colourleae  mucus,  which  plays  a  part  in  the 
evacnation  of  the  swarm-spores  [zoospores].  Corresponding  with 
the  strong  aggregation  of  colourless  protoplasm  at  what  later  on  is 
the  place  of  exit,  the  mass  of  slime  formed  is  here  the  largest,  and 
the  still  connected  mass  of  swarm-spores  remains,  therefore,  at 
thia  place,  somewhat  removed  from  the  swelling  cell-wall.  In  the 
mulberry- like  mass  of  the  awarmers  the  cylindi'ical,  more  strongly 
or  feebly  developed  cavity  is  now  easy  to  see.  In  a  sporanginm 
very  rich  in  contents  it  may  be  wanting.  In  general  it  is,  however, 
pi'eaent,  so  that  the  awarm-spores  form  a  doable  or  triple  layer 
aronnd  this  inner  hollow.  The  awarmera  soon  take  on  a  pear-like 
form.  The  anterior,  colourless,  tapering  end  is  easily  distinguish- 
able from  the  rounded  chlorophyll -containing  posterior  end;  on 
the  surface  of  eaoh  swarm-spore  appears  a  narrow,  red  dish- brown 
fleck,  the  so-called  eye-apot.  The  cell -membrane,  at  the  part 
corresponding  with  the  papilla,  is  already  so  strongly  swollen  that 
its  outline  is  difficult  to  recognise.  With  continuous  observation 
we  shall  now  soon  see  the  moment  arrive  when  the  sallying  of  the 
swarm-spores  begins.  Under  the  pressure  of  the  contents  the 
swollen  substance  of  the  papilla  is  broken  through,  and  the  mass 
of  the  swarm-spores  strongly  pressed  forwards.  At  the  same  time 
with  the  swarm-spores,  finely  granular  masses  of  contents  of  the 
cell-cavity  move  outwardly.  After  a  while  the  forward- pressed 
swarm-spores  set  up  a  motion.  The  contents  of  the  sporangium, 
decreasing  in  bulk,  withdraw  from  the  cell-wall ;  apparently  the 
mass  of  jelly  which  lies  there  presses  on  the  cell-contents.  If  only 
a  few  swarm-spores  are  present  in  the  sporangium,  they  now  begin 
to  move  about  confusedly,  and  one  after  another  pass  outwards 
through  the  papilla.  A  small  number  can  also  remain  behind  in 
the  sporanginm.  If  the  object  is  examined  in  a  suspended  drop, 
under  the  influence  of  light,  the  awarmers  ultimately  collect  either 
at  the  side  of  the  drop  tamed  towards,  or  at  that  turned  from,  the 
window.  These  swarmers  are  not,  however,  amongst  those  most 
sensitive  to  light;  they  remain  for  a  longer  time  scattered  in  the 
drop,  move  about  in  indefinite  directions,  and  only  gradually,  while 
their  motile  energy  diminiahca,  arrive  at  the  edge  of  the  drop, 
where  they  come  to  rest.      They  then  round  off,  and  surround 
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themselves  with  a  cell-wall.  With  »  little  potasBium-iodide-iodine, 
these  swarm-spores  can  be  Tery  well  fixed  (Fig.  86).  We  recog- 
nise now  two  cilia  npon  ei«:h  (or,  with  the  species  of  Cladopkora, 
even  four),  which  arise  from  a  small  projec- 
tion from  the  anterior  end  of  the  swarm-spore. 
The  swarm-spores  move  with  the  ciliate  end 
forwai'ds.  In  swarm-sporea  lying  in  a  favonr- 
able-  position,  the  small  nacleas  is  thoroughly 
recognisable,  after  treatment  with  iodine, 
PiB.  se  — ctado  Jioni  ^J''*?  '"  *'^*  anterior  colourless  end  (comptu^ 
jionMrata.     A  BWKrm-      the  figure)  ;  the  nucleolus  usually  stains  very 

i\a  right  bKna  is  nen  These   swaTm-spores    obsen-ed    by  us   are 

Mtertor  miou'ri™  jmrt  ascxual,  bnt  in  Clodophcra  still  other,  smallei, 
tion  the  nucleus  ie  lo  be  sexually  diiEerentiated  swarmers,  or  Qamotoi, 
are  produced.  These  conjugate  with  one 
another,  but  have  ■  hitherto  been  observed  only  in  the  marine 
forms.* 

From  amongst  the  Slphonee  we  select  for  examination  the 
widely-spread  Vaacheria  tessilis,  in  order  to  stndy  the  formation 
of  its  swarm-apores  (zoospores)  and  sexual  organs.  If  we  have 
collected  strong  specimens  of  thia  alga  in  staadiug,  or  better  still 
in  flowith^,  water,  and  afterwards  placed  then  in  a  ahallow  vessel 
with  fresh  water  poured', over  them,  we  can  pretty  certainly 
i-eckon  on  nnmeroua  swarm-spores  by  next  morning.  These  are 
baing  turned  out  the  whole  forenoon,  so  that  we  can  easily  find 
all  the  desired  stages.^  If  we  examine  the  culture  with  a  lens  of 
considerable  focal  disfcauee,  we  can  easily  recognise  the  first  for- 
mation of  the  sporangia  by  the  dark  colour  of  the  ends  of  the 
threads.  If  now  we  seize  with  the  forceps,  at  their  point  of 
junction,  a  group  of  threads  which  appear  to  be  in  the  desired 
condition,  and  transfer  them,  without  allowing  them  to  be  bent, 
to  an  objecfc-slide,  we  may  study  upon  them  directly  the  further 
processes  of  development.  Moreover,  these  often  go  on  undis- 
turbed under  the  cover-glass,  if  only  the  object  is  protected  from 
Ihe  pressure  of  the  cover-glass  by  minute  fragments  of  elder-pith, 
or  horse-hairs,  placed  under  its  edges.  If  a  sporangium  has  been 
formed  out  of  the  end  of  a  branch,  contents  rich  in  chlorophyll 
collect  in  this,  and  at  the  same  time  the  end  of  the  twig  begins 
to  swell  into  a  club.  The  hollow  in  the  club  is  narrowed  (Fig. 
fi6,  A),  and  is  soon  separated  off  in  the  upper  part  of  it  as  a 
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spherical  vacaole.  The  aporanginm  is  then  out  off  Ly  a  partition 
wall,  in  the  formation  of  which  tho  chlorophyll -containing  con- 
tents of  the  young  aporanginm  and  of  the  rest  of  the  sac 
tsmporarily  sepa>rate  from  one  another,  so  that  we  can  see  them 
separated  by  a  clear  interspace  (Fig.  87,  B).  Around  the  contents 
of  the  aporanginm  ia  now  formed  a  clear  border  {E),  which  soon 
showa  radial  stracture.  This  border  consists  of  oolonrless  proto- 
plasm, the  radial  strnctnre  arises  from  -the  elongated,  radially- 
arranged  nuclei,  which  are  here  collected  (F,  Q).  These  nuclei 
show  np  clearly  only 
after  treatment  with 
suitable  reagents, 
and  are  only  visible 
with  strong  nit^nifi.- 
cation.*  The  swarm- 
spore  of  Yauckei-ia 
is  therefore  molti- 
nnclear.  When  the 
swarm -apore  is 
fully  formed,  it  is 
at  once  evacnated. 
The  apex  of  the 
sporangium  rup- 
tures with  a  jerk, 
and  at  the  same 
moment  the  anterior 
part  of  the  swarm- 
spore  flows  out  of 
the  opening,  and 
simultaneously  be- 
gins to  i-otate  upon 
its  axis.  The  swarm- 
spore  has  to  squeeze 
through  the  opening, 
minute.  A  swelling 
to  expel  the  swarm-spore.  In  many 
seldom,  the  anterior  end  of  the  awar 


Fio.  87.— 


eu  from  the 


Its  birth  lasts  usually  somewhat  over  a 
ibstance  formed  in  the  sporangium  helps 
Lses,  though  comparatively 
■spore  twists  off  from  the 
hinder  part,  stili  in  the  sporangium;  the  anterior  part  then 
liasf«ns  to  form  a  coniplete,  bnt  correspondingly  small,  awarm- 
spore,  and  the  posterior  part  forma  a  second  awann-spore.  This 
ia  only  possible  by  virtue  of  the  multinnclear  character  of  these 
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swarm-sporea,  in  that  each  half  contains  the  nuclei  necessary  to 
its  existence.  The  movement  of  the  swarm-spore  lasts  about  a 
quarter  of  s,n  hour;  the  direction  of  the  movement  is  not  in- 
fluenced by  the  direction  of  the  rays  of  light  falling  upon  it.  The 
awarm-spore  is  egg-like  in  form  ;  in  the  anterior  part  it  ia  broader  ; 
in  this  anterior  ead  liea  the  cell-cavity  [vacnole].  Only  in  the 
moment  when  the  swarra-spore  comes  to  rest  are  the  cilia  visible ; 
they  cover  the  whole  body  as  a  abort  down.  In  the  next  moment 
they  are  withdrawn  into  the  body  ot  the  swarm-spore,  which, 
during  this  process,  shows  a  wrinkled  surface.  Afterwards  the 
body  is  again  smooth.  During  the  withdrawal  of  the  cilia  it  ia 
noticeable  that  the  awarm-spore  has  already  surrounded  itself 
with  a  very  delicate  membrane.  The  spore  now  rounds  off 
slowly ;  its  colourless  border  disappears,  while  the  chlorophyll- 
grains  come  to  the  surface ;  the  cell-wall  rapidly  becomes  thicker. 
In  the  terrestrial  form  of 
'  *  Vaiicheria  seasilis,  Vauch.,  the 

sexual  oi^ns  are  found  very 
easily.  The  species  is  re- 
cognisable in  that  the  female 
organs,  the  oogonia,  are  ses- 
sile (i.e.,  unstalked)  upon 
the  filamentous  tballus,  and 
that  the  male  oi^ans,  the 
antlieridia,   on    the    other 

Fia.  S3.— VuwcSfiui  Huilii.     PoMion  ot  the       v.^„3    „„;„„    „„    „    j;„,„4.   „„„ 

chaiina  nith  eeinai  oreans  o  oooonium  ■  a  oji-      hand,  arise  as  a  direct  con- 

tberidiumi  cJi,  cbromatopboree;  ol,  oil-iropa.       tinnation  upon  a  shoi-t,  hom- 

Xv^bteaf^"iita"i^Bu'ini;"B(-s»^^  like  curved    branch,  arising 

immediately  from  the  fila- 
mentous tballus.  An  antheridium  and  an  oogonium  arise  usually 
in  a  pair  quite  close  together;  not  infrequently,  however,  an 
antheridium  can  be  seen  between  two  oogonia.  This  species  of 
Vaucheria  is  chosen  for  examination,  and  not  that  which  ia  met 
with  quite  as  commonly  upon  damp  earth,  in  which  oogonia  and 
antheridia  are  seated  upon  a  common  lateral  branch,  which 
is  ended  by  the  oogonium.  This  last  species,  Vaucheria  terreefrit 
Lyngb.,  is  little  suited  for  examination.  The  aquatic  Vaucheria 
sessilis,  when  in  culture,  forms  at  first  tbe  swarm-spores  already 
described,  and  tends  only  after  some  weeks  to  produce  sexual 
organs.  The  oojouinm  is  obliquely  ovate,  thickly  filled  with 
plasma  containing  chlorophyll  and  oil,  separated  from  the  tballusr 
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ihrcad  by  a  partition  wall  placed  somewhat  above  ita  point  ol 
insertion.  The  oogonium  is  provided  with  a  un-Jateral,  beak-like 
outgrowth,  in  which  colonrlesa  protoplasm  is  collected.  In  ad- 
vanced stages  of  development  of  the  oogonia  this  latter  occupies 
the  entire  upper  third  of  the  egg  [-cell,  or  OOBphere].*  If  now 
we  observe  such  an  oogonium  continuously,  we  shall  see  the 
cohmrless  substance  at  the  beak  end.  put  ont  a  papilla-like  pro- 
jection, which  rounds  off  more  and  more  into  an  independent 
ball ;  this  separates  finally  from  the  contents  of  the  oogonium,  and 
is  thrust  out  into  the  sarronnding  water,  where  it  slowly  goes 
to  the  bottom.  Direct  observation  shows  va  that  in  this  the 
membrane  of  the  oogonium  at  the  end  of  the  beak  is  not  per- 
foratec',  but  rather  swells  into  a  jelly,  and  that  the  issuing 
plasmic  drop  is  pressed  out  through  the  jelly.  The  remaining 
contents  of  the  oogonium  round  off,  its  colourless  apes  is  the 
place  of  fei-tilization  [receptive  spot  of  the  oosphere,  or  egg-cell]. — 
The  antheridial  branch  ia  more  or  less  strongly  curved.  Its  upper 
third  is  formed  into  an  anthendium,  and  ia  cut  off  by  a  partition 
wall  (Fig.  88,  a).  In  the  ripe  condition  it  is  distinguished  by 
its  colourless  contents,  while  the  bi'anch  which  bears  it  is  rich 
in  chlorophyll -grains.  The  antheridium  usually  turns  its  apex 
away  from  the  oogonium.  In  the  colourless  contents  of  the 
antheridium  short  rodlets,  arranged  longitudinally,  are  more  or 
less  clearly  distinguishable.  At  the  momeiit  when  the  oogonium 
presses  out  a  portioc  of  its  colourless  protoplasmic  subatajioe,  the 
antheridium.  opens  at  its  apex,  and  evacuates  its  slimy  content. 
The  greater  part  of  this  remains  in  the  surrounding  water  iu 
the  form  of  colourless  bubbles,  where  it  slowly  disorganizes ;  a 
smaller  part  hastens  away  in  the  form  of  minute  glancing 
Epermatozoids  [antherozoida] .  These  actively  swarming  aper- 
matozoids  soon  collect  in  the  mass  of  jelly  at  the  apex  of  the 
oogonium.  Individuals  press  forwards  to  the  colourless  receptive- 
apot  of  the  egg  [-coll],  and  as  it  were  grope  around  it.  In 
specially  favourable  cases  a  fusion  of  such  a  spermatozoid  with 

•  Some  eiplftnation  of  the  terminology  is  needed  here.  The  female  cell,  prior 
to  fertilization,  the  Author  culls  tLe  ■'  egg."  By  oHiera  it  is  known  as  the 
"  egg-cell  "  or  "  oosphere."  After  fertilizntion,  keeping  up  the  analogy  with 
conjugation,  the  Author  calla  it  "  zygote " ;  by  others  this  fertilized  cell  is 
called  "egg"  and  "oospore."  The  use  ot  the  terma  "zygospore"  and 
"  oospore  "  implies  the  morphologic^  dLB..'reuce  between  the  fertilizing  cells 
in  the  two  onaea  ;  the  use  of  the  one  term  "  zygote,"  as  common  to  both, 
emphasizes  the  physiological  unity  of  the  semal  process,  even  when  inor« 
highly  evolved  thou  here.    [Ed.] 
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the  receptive- spot  can  be  determmed.  After  a  short  time  the 
fertilized  e^  [or  OOBpore],  the  zygote,  has  surronnded  itself  with 
a  delicate  membrane,  which  is  especially  clearly  visible  at  the 
receptive -spot.  In  the  course  of  some  hours  the  colourless  proto- 
plasm of  the  I'Ajeptive-spot  is  dtfFnsed  equally  in  the  zygote. 
Older  zygotes  are  thickly  filled  with  oil-drops,  show  some  brown 
spots  in  the  interior,  and  have  a  firm  membrane. 

If  a  spermatozoid  in  course  of  movement  is  fixed  with  potas- 
stum- iodide- iodine,  two  cilia,  unequally  long,  nnilatei^lly  inserted, 
and  extended  in  opposite  directions,  can  be  seen  attached  to  it. 

The  various  species  of  Fucus,  or  brown  sea-weeds,  found  every- 
where ronnd  onr  coasts,  can  be  obtained  in  fructification  nearly 
the  whole  year  round.  If  they  are  gathered  at  high  tide,  when 
they  are  nnder  water,  or  immediately  after  the  setting  in  of  the 
ebb,  and  are  sent  damp,  withontany  other  packing,  yoa  are  pretty 
certain  to  be  able  to  observe  the  phenomena  of  fructification  even 
at  places  far  distant  from  the  sea.  The  parcel  ought  to  be  accom- 
panied by  a  considerable  quantity  of  sea-water.  After  receipt,  a 
.  portion  of  the  plants  should  be  hung  up  free  on  string,  the  other 
part  laid  in  sea-water.  In  abont  six  hours,  after  the  sexual  organs 
have  been  emptied,  the  hanging  plants  can  likewise  be  laid  in  sea- 
water,  and  after  about  six  hours  again  taken  ont  and  hang  np, 
and  thus  the  evacuation  of  new  sexual  products  induced.  If  the 
plants  which  immediately  on  ai'rtval  were  hung  np  have  not 
yielded  sexual  products,  they  may  be  expected  from  those  which 
were  laid  in  water,  if  these  are  taken  ont  after  abont  six  hours 
and  hnng  np  to  dry  slowly.  In  cool  weather  the  plants  can  stand 
a  jonmey  for  several  days  without  injury,  and  by  laying  in  sea- 
water  periodically  can  develop  normal  sexual  products  for  days. 

In  order  to  inform  ourselves  as  to  the  structure  of  the  sexual 
organs,  we  will  choose  in  the  first  place  the  hemaphrodite  species, 
Fueus  plaiycarpus,  Thuret.  This  species  is  specially  distinguished 
by  the  production  of  male  and  female  sexual  organs  in  the  same 
conceptacle.  It  is  further  distinguished  from  F.  vesiculosue,  which 
it  otherwise  closely  resembles,  in  that  it  is  always  devoid  of  air- 
bladders,  while  such  are  very  general  in  F.  vesiculosus,  although 
not  always  present.  Fertile  specimens  of  both  these  species  end 
their  ultimate  branchlets  with  bladder-like  swellings.  These  con- 
tain the  conceptacles.  In  F.  platycarpus  the  swellings  are  stronger 
than  in  F.  vegicuhsut.  Cutting  sectious  of  these  swollen  twigs 
offers  some  difficulty,  on  account  of  the  strong  tensions  of  the 
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iissmes,  which  result  in  the  outer  edges  being  folded  inwards. 
The  bladders  collapse  somewhat,  while  a  part  of  the-  enclosed  air 
escapes  andibly.  The  interior  o£  the  bladder  appears  filled  with  a 
filamentous  network,  and  partly  also  with  colourless  jelly.  ■  Cross- 
sections  prepared  between  elder-pith  show  us  that  the  tissue  of 
the  thallns  has  the  same  structure  which  we  have  already  studied 
in  F.  vesiculosus  (p.  202a) :  outwardly  the  layer  of  small  polygonal 
cells  of  the  epidermoid  layer,  inwards  the  progressively  enlarging 
cells  of  the  cortex,  which  elongate  more  and  more,  and  ultimately 
pass  over  into  the  network  of  threads  which  constitutes  the  pith. 
The  spaces  between  the  threads  are  filled  with  jelly  and  air.  Tht 
conceptacles  are  pear-shaped  hollows  in  the  tissue.  A  narrow 
opening,  the  OSteole,  communicates  with  the  exterior,  and  through 
this  passes  a  tuft  of  delicate  hairs.  If  the  section  has  cut  the  con- 
ceptaole  in  the  middle  line,  it  is  easy  to  get  an  idea  of  its  stmctui-e. 
It  is  seen  to  be  surrounded  by  a  sheath  cousiating  of  several  layers 
of  closely -united,  tangentially  elongated  cells.  From  the  inner 
cells  of  the  sheath  arise  numerous  radially- arranged  structures, 
growing  into  the  conceptacle,  and  reducing  its  cavity  to  a  narrow 
cylindrical  space,  which  diminishes  as  we  pass  outwards.  These 
structures  are,  in  part,  sterile  hairs  which  remain  nabranched. 
The  number  of  these  sterile  hairs  dimini.shes  towards  the  npper 
part  of  the  conceptacle.  The  cells  themselves  are  elongated  many 
times  as  long  as  broad.  The  hairs  close  under  the  osteole,  on  the 
other  hand,  are  composed  of  short  segments.  It  is  these  hairs  which 
jiroject  from  the  osteole  in  a  tuft.  The  cell-contents  include  proto- 
plasm, nncleus,  and  very  small  olive-green  chromatophores.  lu 
etracture  much  like  these  hairs,  are  the  copiously  bi'anched  hairs 
which  bear  the  male-sexual  oi^ans,  the  antheridia.  The  antheridia 
are  unicellular  branches  of  these  hairs,  have  an  elongated  ellip- 
soidal form,  and  abundant  contents.  Nuclei  are  not  visible  with- 
out special  means ;  small  chromatophores  are  numerous.  In  the 
ripening,  the  contents  collect  into  small  balls,  each  with  one,  rareiy 
two,  reddish-brown  chromatophores.  Between  the  sterile  and  the 
fertile  hairs  are  found  other  ellipsijidal  structvires,  the  female 
sexual  Cleans,  the  oogonia,  which  vary  in  size  according  to  their 
stage  of  development,  but  ultimately  attain  to  very  considerable 
dimensions.  The  latter  ones  are  coloured  yellow-brown  by  small 
chromatophores;  the  abundant  contents  make  them  almost  opaque, 
hut  without  difficulty  it  can  be  determined  that  they  contain  eight 
egge,  or  OOSplieTeB,  with  flattened  contact  surfaces.     The  smallesl^ 
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are  iiiiicelltila.r,  coloarleBs  in  their  periphery,  tranaparent,  with  a 
brown  lleck  in  the  middle  due  to  the  aggregation  of  the  chroma- 
tophores.  Older  stages  show  from  two  to  eight  Buch  flecks,  and 
finally  partition- wall 9  are  produced  simultaneously  between  these 
flecks,  dividing  the  contents  of  the  oogonium  into  eight  pretty 
Bymmetrically  ai'ranged  oospheres.  After  complete  division,  the 
brown  colour  is  uniformly  distributed  through  the  contents  of  the 
oospheres.  If  the  section  has  passed  through  the  point  of  inser. 
tion  of  an  oogouinm,  it  will  be  seen  that  it  is  situated  on  a  short 
unicellular  stalk, — In  almost  all  sections  through  ripe  conceptacles 
single  ot^nia  will  be  torn  off  from  their  stalks.  If  such  oogonia 
are  observed  for  a  time,  an  outer  layer  of  the  wall  is  seen  to 
rupture  at  the  apes,  and  the  oospheres  protrude,  sarrounded  by 
an  inner  layer.  This  inner  layer  swells  strongly  in  water,  espe- 
cially at  its  upper  part,  and  gradually  becomes  inTisible,  and  the 
oospheres  are  distributed  in  the  surrounding  water  (Fig.  87*  .fc'). 
The  oospheres  round  off,  are  devoid  of  membrane,  and  in  the  centre 
of  each  a  clearer  fleck  is  recognisable.  If  ripe  antheridia  are  simi* 
larly  broken  off,  after  a  time  the  contents  are  extruded,  surrounded 
by  an  inner  sheath  (Fig.  87*  B).  After  a  time  the  contents  escape 
in  the  form  of  small  pear-shaped  bodies,  but  in  these  cases  move- 
ment is  not  usually  seen. — Material  hardened  in  alcohol  cuts  much 
better,  and,  if  stained  with  htematoxylon,  gives  beautiful  fignres, 
which  amplify  in  not  unimportant  points  the  results  obtained 
from  fresh  material.  Thua,  nuclei  can  be  detected  in  the  rudi- 
ments of  oogonia,  in  number  increasing,  by  repeated  bipartitions, 
from  two  to  eight ;  then  follows  the  simultaneous  formation  of  divid- 
ing walls,  each  oosphere  having  a  central  nucleus  (Fig.  87'  D), 
The  nucleus  always  corresponds  in  position  with  the  brown  fleck 
referred  to  above,  so  that  we  assume  that  each  of  these  latter 
encloses  a  nucleus.  The  position  of  the  nuclei  is  seen  particularly 
dearly  in  the  antheridia.  In  the  ripening  antheridiura  (Fig.  87*  C) 
we  can  determine  that  almost  the  whole  body  of  the  spermatozoid 
consists  of  nuclear  substance,  which  is  snrrounded  by  only  a  thin 
layer  of  protoplasm.  The  whole  of  the  protoplasm  is  not  thus 
used  up,  a  little,  not  staining  with  logwood,  is  left  between  the 
fipermatozoids.  As  a  fixing  reagent,  and  to  some  extent  better 
than  alcohol,  can  be  used  1  per  cent,  osmic  acid,  pi cro- sulphuric 
acid,  boiling  water,  or  bromine  vapour.  Fixing  with  bromine 
vapour  and  boiling  water  often  gives  the  beat  results,  and  is 
especially  advantageous  in  that  it  does  not  require  &  snbseqneut 
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washing  of  the  preparation.  The  preparations  can  afterwards  be 
stained  with  Ic^wood,  safEranin/jjfentianft-violet,  or  carmine,  for 
particnlare  of  which  see  Gladophora,  Spirogyra,  and  "  Cell-diyisioc." 
The  stained  preparatiooa  are  then  dehydrated  and  decolorized  hy 
50  per  cent,  alcohol,  which  is  gradually  replaced  by  absolute,  then 
cleared  with  oil  of  cloves  or  oil  of  marjoram,  and  monnted  in 
Canada  balsam  or  dammar. 

In  the  plants  left  hanging  in  free  air,  after  Borne  search  will  bo 
found  sexnal  Organs,  wbich  have  escaped  from  a  conceptacle, 
Tbey  appear  as  small  olive-green  drops  of  mucilage  at  the  months 
of  the  conceptaoles,  and  in  wbich  the  oospheres  can  be  seen  even 
with  a  lens.  If  snch  a  drop  of  mucilage  be  removed  with  a  needle, 
and  placed  in  a  drop  of  sea-water  on  a  slide  in  a  moist  chamber, 
w«  shall  see  nnmerons  oospheres  and  spermatozoids  still  enclosed 
in  the  inner  sheaths  of  the  sexnal  organs,  and  which  repeat  the 
phenomena  given  above.  Soon,  however,  the  antheridi am- cases 
commence  to  empty,  at  one,  or,  less  often,  at  both  ends.  The 
spennato^oids  can  commence  to  move  before,  upon,  or  not  for 
some  time  after  evacnation.  The  movement  (Pig.  87*  Q)  is  very 
active.  They  may  swarm  for  several  hoars,  bat  usually  for  mnch 
leas.  They  are  pear-shaped,  with  two  unequal  cilia,  the  shorter  oae 
attached  to  the  anterior  or  pointed  end  of  the  spermatozoid,  and 
directed  forwards,  while  the  longer  one  is  attached  laterally,  and 
directed  backwards.  The  reddish-brown  fleck  or  spot  is  at  the 
point  of  insertion  of  this  posterior  cilium.  The  spermatozoids 
can  be  qnickly  and  advantageously  fixed  with  iodine.  Freed 
oospheres  may  be  seen  surrounded  by  swarming  spermatozoids, 
many  of  which  cling  to  its  bare  surface  (F).  They  attach  them- 
selves obliquely  by  the  pointed  end  and  a  portion  of  the  long  side, 
BO  that  the  hinder  cilium  remains  free,  and  for  some  time  can  be 
in  motion.  If  a  aufBcient  number  are  present,  they  can.  give  to  the 
'oosphere  a  rolling  motion.  This  phenomenon  is  noticeable  in  the 
processes  of  fertilization  of  various  sections  of  the  animal  kingdom, 
e.g.,  in  the  Echinoderms,  the  Actinia,  and  Vermes ;  but  ia  known 
amongst  plants  nowhere  else  than  in  the  Pncacese.  This  move- 
ment lasts  from  ten  to  twenty  minutes,  then  the  oosphere  comes 
to  a  rest;  a  spermatozoid  has  penetrated  and  fertilized  it.  A  cell- 
wall  is  then  formed  around  the  fertilized  oosphere,  or  oospore.  If 
fertilized  oospores  are  kept  in  a  watch-glass  with  sea-water,  at 
Vixe  second,  or,  latest,  the  third  day,  the  first  divisions  of  the 
oospore  can  be  made  out.      Unfertilized  oospijerea    usually  fall 
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qnickly  to  the  bottom,  without  covering  wall  or  division.  As  anthe- 
ridia  and  oogonia  are  foand  in  the  saxae  conceptacle,  fertilization  of 
the  oosphere  by  spermatozoids  of  like  origin  can  often  result ;  but, 
nevertheless,  fertilization  by  spermatozoids  from  remote  concep- 
tacles  ia  by  no  means  excluded,  and  may  be  facilitated  by  the  fact 
that  the  BpeiTnatozoids  are  usually  evacuated  before  the  oospherea 
of  the  same  conceptacle,  and  often  when  the  latter  are  evacuated 
have  already  swarmed  out. 

For  the  study  of  the  seznal  processes,  Fucug  veeiculosug  is  still 
more  favourable  than.  F.  platycarpue,  and  is  likewise  very  common. 
The  structure  of  the  sexual  organs  is  much  as  in  the  latter  plant, 
but  one  sex  only,  either  antheridia  or  oogonia,  is  found  in  each 
conceptacle.  Plants  hung:  np  empty  their  sexual  organs  after  a 
few  hours.  The  drops  of  mucilage  which  contain  the  spermato- . 
zoids  are  recognisable  even  to  the  nated  eye  from  their  orange-red 
colonr,  while  those  which  contain  the  oogoaia  are  colonred  olive- 
green.  If  a  little  of  the  orange-red  mucilage  is  placed  in  a  drop 
of  sea-water,  this  will  usually  be  seen  almost  immediately  to  be 
filled  with  actively  moving  spermatozoa.  Thoroughly  healthy 
spermatozoa  are  tolerably  sensible  to  light,  and  nearly  always 
avoid  it  (are  negatively  heliotropic,  or  aphelio tropic),  so  that  «ven 
with  slight  illumination  they  usunlly  collect  at  the  room  side, 
rarely  at  the  window  side,  of  the  drop.  With  intense  light  their 
movement  is  fairly  rectilinear,  in  the  direction  of  the  incident 
rays.  Single  spermatozoa  from  time  to  time  stop  suddenly,  and 
move  for  a  little  while  in  the  opposite  direction,  but  ultimately 
they  all  get  to  the  shaded  side  of  the  drop.  With  very  weak 
illnmiQation  a  definite  direction  to  the  movement  is  hardly  recog- 
nisable, and  the  same  is  the  case  with  unhealthy  spermatozoids. 
As  the  oospherea  are  specifically  heavier  than  sea- water,  the 
aphcliotropism  of  the  spermatozoa  takes  them  away  from  the 
surface  of  the  water,  and  therefoi-e  in  the  direction  in  which  the 
oospheres  are  likely  to  be. — The  spermatozoa  can  be  best  fixed 
with  iodine  and  picric  acid,  and  show  the  same  sti'nctnre  aa  those 
already  studied  (G). — In  order  to  see  the  processes  of  fertilization, 
wo  transfer  the  olive-green  mucilage  from  the  female  conceptacle  to 
drops  of  sea-water  on  a  number  of  object- slides.  We  examine  these 
in  order  to  determine  the  time  at  which  evacuated  oospheres  are 
present.  Such  ought  always  to  be  foond  within  the  first  hour, 
but  oospheres  which  have  been  evacuated  for  several  hours  are 
still  capable  of  fertilization;  no  that  we  place  our  preparations  in  a 
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dark  chamber,  and  can  nse  them  for  obeervatioii  one  after  tha 
other. — IE  we  follow  under  the  microacope  the  method  of  evacua- 
tion of  tbe  oospherea,  we  fihall  see,  in  contradistinction  to  F.plaly- 
carpug,  that  the  case  of  the  oc^onium  remains  visible  np  to  the 
setting  free  of  the  oospheres,  that  the  inner  layer  is  specially 
clearly  marked,  and  that  during  the  eTacnation  of  the  oospheres 
the  outer  layer  is  tnmed  over, — If  we  bring  a  little  of  the  orange- 
red  mncilage  into  a  preparation  with  freed  oospheres,  these  are 
quickly  surrounded  by  spermatozoids.  By  tnming  the  prepara- 
tion in  such  way  that  the  spermatozoids,  avoiding  the  light,  come 
into  contact  with  the  oosphere,  we  can  determine  that  even  those 
sperraatozoids  which  are  removed  from  the  oosphere  by  a  distance 
equal  to  the  diameter  of  these  latter,  suddenly  turn  from  their 
path  in  order  to  rnsh  towards  the  oosphere.  This  attraction  ex- 
tends over  approximately  a  double  diameter  of  an  oosphere.  As 
has  been  recently  detemained  by  Pfeffer,  this  attraction  depends 
upon  a  body  giyen  off  from  the  oosphere,  which  acts  as  a  chemical 
stiranlus  in  determining  the  direction  of  movement  of  the  sperma- 
tozoids. The  spermatozoids  cling  to  the  oosphere,  which  is  soon 
completely  covered  with  them.  The  spermatozoids  lie  obliquely 
on  the  surface  of  the  oosphere  with  the  beak  and  a  portion  of  that 
side  which  is  devoid  of  cilia,  while  the  hinjier,  laterally  inserted 
cilinm  Gontinnea  for  a  time  its  vibratory  movement  and  sets  the 
oosphere  in  rapid  rotation.  The  rotation  takes  place  in  the  direc- 
tion in  which  the  beaks  of  the  majority  of  the  spermatozoids  are 
directed ;  should  the  direction  of  rotation  change,  it  is  due  to  the 
clinging  of  new  spermatozoids,  which  alter  the  orientation  of  the 
majority.  The  movement  is  no  doubt  the  resultant  of  the  com- 
ponent movements  of  the  spermatozoids ;  but  if  the  movement 
tends  to  maintain  any  uniform  direction,  the  spermatozoids  ar- 
ranged in  any  other  direction  tend  gradually  to  alter  their  position 
and  to  assume  one  corresponding  with  the  movement.  In  addition 
to  the  attached  spermatozoids,  the  ooaphere  appears  to  be  sur- 
rounded by  a  swarm  of  free  spermatozoids,  which  move  inside  its 
sphere  of  action  (Fig.  87*  H).  In  from  ten  to  twenty  rainntes 
the  rotation  ceases,  and  the  clinging  spermatozoids  have  left  the 
ooaphere.  In  the  meantime  fertilization  has  been  effected,  a 
spermatozoid  being  no  doubt  absorbed,  although,  owing  to  the 
opacity  of  the  oosphere,  this  cannot  bo  directly  observed.  The 
fertilized  egg,  or  oospore,  has  liketvise  developed  an  exceedingly 
delicate  membrane. — If  a  qnantity  of  oospheres  are  mingled,  aa 
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above,  witb  sperm atozoids,  either  on  a  hollow  object-slide  or 
iratcb-glaKH,  and  after  a  few  minnteB  fixed  and  stained  with  iodine 
Holution,  we  may  be  able  to  see  the  result  of  fertilization.  In  moet 
of  the  oospores  two  nnclei  can  be  seen :  a  larger  one,  with  lar^e 
nnclcolas,  the  OD-naclens ;  and  a  nsually  somewbat  smaller  one, 
with  smaller  nncleolna,  representing  the  apermo-nuclena,  or  nnclens 
of  the  absorbed  sperm atoznid.  The  penetration  of  the  spermo- 
unclens  towards  the  centre  of  the  oospore  must  take  place  very 
rapidly,  for  we  find  it  commonly  already  in  the  neighbourhood  of 
the  oo-nnclens.  In  some  of  the  oospoi-ea  the  two  noclei  have 
already  been  combined  into  a  single  one,  in  which  process  lies  the 
essence  of  ffertilizatioti.  The  emhryo-nnclena,  the  result  of  the 
copulation  of  the  oo-nnclens  and  spenno-nuclena,  shows  at  first 
two,  but  later  on  only  one,  nucleolns. 

The  sexnal  organs  of  the  Characete,  or  Stoneworts,  are  attached 
h>  the  leaves.  Chara  fragilig  fructifies  freely  at  the  beginning  of 
summer.  The  antberidia  aim  recognisable  even  with  the  naked  eye 
aa  red  globules,  with  a  diameter  of  about  -^g  of  an  inch.  They  stand 
singly  on  the  inner  aide  of  the  leaves,  in  their  middle  line  (Fig.  87** 
A,  a),  and  occupy  the  position  of  a  leaflet.  The  female  oi^an,  the 
OQgouiam,  or  nucule,  is  found  clo.se  above  the  antheridium,  and 
arises  from  the  lowest  node  of  the  leaf  which  is  developed  into  an 
antheridium  (Fig.  87**  A  ob).  The  antberidia  have  a  complicated 
strnotnre.  In  order  to  make  ourselves  familiar  with  it,  let  us  take 
a  ripe  antheridium  under  external  esamination  with  a  magnifica- 
tion of  about  100  diameters.  It  shows  then  apparently  a  red  centre, 
surrounded  by  a  colourless  sheath.  This  colourless  sheath  is 
segmented  by  beautifully  arranged  partition -walls.  Now  seaivh 
for  an  antheridium  which  is  as  ripe  as  possible,  and  which  will  be 
found  somewhere  upon  a  leaf  the  ttppormost  antheridium  of  which 
(which  first  dehisces)  has  already  fallen  to  pieces;  separate  it  off 
with  the  needles,  and  crush  it  carefully  nnder  a  cover-glass.  If 
the  antheridium  is  thoi-oughly  ripe,  its  wall  falls  into  regular 
pieces,  the  shields.  From  the  interior  come  numeroas  long,  delicate 
filaments,  and  between  these  some  cylindrical  orange- coloured 
cells.  These  last  are  set  into  the  centres  each  of  one  of  the 
shields,  like  handles,  and  are  known  aa  the  mannbria,  and  their 
coloration  arises  from  elongated  chromatophorea.  More  careful 
examination  further  shows  us  that  each  such  unicellular  manu- 
brium bears  at  its  narrower  end  a  colourless  rounded  cell,  the 
eapitolom,  from  which  arise  a  number  of  smaller  colourless  cells, 
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the  secondary  capitula.  From  these  come  the  amneroos  slender, 
colourlesa  filaments.  Even  with  a  power  of  200  diameters  we  can 
see  that  each  of  these  threads  consists  of  a  large  number  of  flattened 
cells,  forming  a  linear  series.  If  the  antheridium  is  ripe,  we  can 
see  in  each  of  these  cells  a  coiled  thread,  the  spennatozoid.  We 
now  place  oar  preparation  in  a  moist  chamber,  and  endeavonr  in 


.,,C()()qIc 


REPRODCCTION  OF  CHABA.  254» 

another  fashion  to  obtain  information  as  to  the  etrnctnre  of  the 
wall  of  the  antheridinm.  When  the  antheridiam  is  crnahed  a 
clear  insight  into  the  structure  of  this  wall  is  hardly  to  be  ob- 
tained ;  for  the  natural  dehiscence  of  the  antheridiam  npon  the 
object-slide  we  should  wait  in  vain ;  here  and  there,  however, 
where  antheridia  have  opened  a  short  time  before,  the  segments  of 
the  wall  can  nsnallj  still  be  found.  Thej  adhere  to  the  leaf,  held 
together  by  the  disorganised  remnants  of  the  threads.  We  separate 
one  ont  with  the  needles,  and  can  now  easily  study  their  form  and 
structure.  They  are  triangular,  or  trapeziform  quadrangular. 
These  segments,  or  shields,  ai'c  flat,  and  are  traversed  by  partition 
wallfl,  which,  directed  towards  a  common  central  point,  do  not 
however  reach  it.  Each  shield  is  therefore  intercellular,  cham- 
bered, however,  round  its  mai^in  by  the  projecting  ridges.  The 
ridges  answer  to  indentations  of  the  margin.  The  shields  con- 
tain red  globnlar  chroma  top  horea,  which,  separated  by  the  ridges 
into  striw,  come  together  only  in  the  middle  of  the  cell.  They 
lie  close  to  the  inner  wall  of  the  shield,  whence  it  came  that 
in  examining  the  entire  antheridinm  a  dark  red  centre  appeared 
to  he  surrounded  by  a  clear  sheath.- — ^If  we  examine  now  a  young 
hut  fully  formed  antberidium,  we  can  determine  that  the  shields 
fit  together  by  the  indentations  of  their  matins,  and  that  eight 
shields,  to  wit,  fonr  above  and  four  below,  are  combined  in  the 
wall.  The  four  upper  have  the  form  of  triangles,  the  four  lower 
that  of  trapezes,  because  an  augle  of  each  of  these  latter  is  cut  off, 
leaving  a  short  side  by  which  it  joins  on  to  the  stalk  of  the 
antheridinm. — A  complete  insight  into  the  structnre  of  the  an. 
theridium  can  however  only  be  obtained  by  means  of  sections. 
To  obtain  these  is  not  ao  difficult  as  might  at  first  sight  appear. 
A  leaf  covered  with  sexual  organs  is  placed  between  the  fingers, 
the  sexual  organs  turned  inwards,  and  it  is  then  halved  longi- 
tudinally with  a  sharp  razor.  As  a  rule  this  snf&ces,  but  we  can 
endeavour  farther  to  divide  one  of  the  halves,  so  as  to  obtain  a 
median  longitadinal  section.  If  this  has  been  obtained  we 
obtain  the  structui-e  as  shown  in  the  annexed  figore  (87»»).  The 
insertion  of  the  antheridinm  (a)  in  the  leaf  is  clear.  The  stalk  of 
the  antheridinm  (y),  with  its  wall  lined  with  ornnge-red  chro- 
matophorcs,  just  as  with  the  mannbria,  projects  i-ight  into  the  in- 
terior of  the  antheridiam.  From  the  centres  of  the  shields  spring 
the  mannbria  (jai)  ;  the  capitnia  seated  thereon  impinge  upon  one 
another  and  upon  the  stalk-cell.     Flum  the  secondary  capitula  we 
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can  Bee  proceeding  the  threads  of  mother-cells  of  the  speiiuato* 

r-oidB.— Kpw  let  ub  again  tftke  the  preparation  with  the  crashed 
antheridinm,  which  we  had  laid  on  one  side.  If  this  had  been 
very  ripe,  the  epermatozoids  will  now,  after  the  lapse  of  an  honr 
or  two,  have  commenced  to  free  themselves  from,  the  threads. 
They  emerge  from  their  mother-cell  by  a  lateral  opening,  showing 
brightly  through  a  swelling  substance  which  has  been  squeezed 
nut  from  it.  They  are  corkscrew-like  threads  (Fig.  87»*  B),  vei-,v 
like  to  the  spermatozoidB  of  mosseB  to  be  stndied  hereafter.  They 
describe  fonr  complete  turns ;  at  their  anterior,  somewhat  tapered 
end  they  bear  two  very  long  cilia,  longer  than  the  entire  body  of 
the  spermatozoid,  and  readily  recognisable  after  treatment  with 
iodine.  At  their  hinder  end  the  spermatozoids  are  somewhat 
thickened,  and  enclose  glistening  granules.  The  spermatozoids 
progress  by  simnltaneons  vibratory  movement  and  rotation  around 
their  axis.  The  whole  preparation  swarms  with  the  sperm atozoids, 
since  the  number  produced  in  a  single  antheridinm  has  been  esti- 
mated at  about  30,000. — The  anthei-idia  tend  to  open  spontaneously 
in  the  early  morning.  The  spherical  curvature  of  the  shields 
diminishes  notably,  so  that  they  separate  from  one  another,  and 
this  tendency  occasions  the  springing  open  of  the  organ.  The 
sperraatozoids  are  wont  to  swarm  for  some  honra. 

In  order  to  inform  ourselves  as  to  the  structure  of  the  nncnle, 
or  oogonium,  we  preferably  first  study  it  in  those  stages  of  deve- 
lopment in  which  it  is  still  cylindrical  and  transparent.  The 
antheiidinm  found  under  it  is  then  fully  formed,  and  the  oogoninni 
itself  begins  to  become  somewhat  brownish.  In  such  an  oogonium 
can  be  seen  an  elongated  central  cell,  densely  filled  with  finely  granu- 
lar protoplasm,  and  at  the  base  is  shown  a  clearer  spot.  It  ia  borne 
npon  two  flat  internal  cells,  of  which  the  upper  ia  distiuguished  as 
the  "  Wendungszeile  "  (o),  aod  the  nnder  is  a  nodal  cell  (no),  and 
upon  a  short  stalk-cell  (po).  Ttis  last  is  seated  upon  the  nodal  cell 
(na)  which  bears  the  antheridinm.  The  central  cell  of  the  oogonium 
is  sheathed  by  five  tubular  sacs,  which  arise  from  the  nodal  cell 
(no).  These  sacs  run  spirally  aroand  the  central  cell,  and  end  above 
in  the  so-called  croWR  (c).  The  five  cells  of  this  latter  are  cut  off 
by  partition  walls  from  the  investing  sacs.  If  the  crown  consists 
thus  of  but  five  cells,  we  can  at  once  determine  our  plant  to  be 
Chara,  while  the  other  genus  of  Characee,  Nitella,  possess  a  ten- 
celled  crown,  consisting  of  five  pairs  of  cells,  the  result  of  a  snbse- 
qnent  division  of  each  of  the  five  cells. — In  the  investing  sacs  of 


loy  Google 


EEFEOBTICTIOH   OF  CHARA.  254^ 

(she  sheath  of  snch  young  oc^nia,  protoplasmic  streaming  can  be 

verybeautifiJlj  seen.  The  chlorophyll  grains  have  already  elongated 
and  taken  on  a  brown  tone. — In  snbseqaent  stages  the  oogonium 
becomes  oval,  and  the  central  cell,  the  egg-cell  op  oosphere,  be- 
comes filled  ivith  oil-drops  and  atarch-graiaa  (Fig.  87""),  becoming 
thne  opaque ;  the  Hta,rcb -grains  show  a  beantiful  concentric  lamina- 
tion. The  investing  sheath  becomes  darker,  and  masses  oS  lime  be- 
come deposited  on  its  outer  surface. — The  egg-cells  are  receptive,  t.*. 
are  ready  for  fertilization,  at  the  same  time  when  the  antheridia 
of  the  same  leaf  open.  The  investing  sacs  close  under  the  crown 
elongate  a  little,  by  which  the  outer  layers  of  membrane  of  the  sacs 
are  torn  at  this  spot.  As  the  result  of  this  we  see  the  sheath,  which 
previously  had  been  incrusted  with  lime  right  up  to  the  crown, 
now  become  free  from  lime  just  under  the  crown.  Simultaneonsly 
with  their  elongation  the  investing  sacs  have  also  separated  fi-oin 
one  another,  and  thus  clefts  arise  which  reach  right  into  the 
interior  to  the  apex  of  the  oosphere.  By  elongation  and  lateral 
separation  of  the  investing  sacs,  therefore,  a  short  "  neck "  has 
arisen  under  the  ci\)wn,  rendering  fertilization  of  the  oosphere 
possible.  If,  indeed,  we  examine  in  the  early  morning  the  oogonia 
found  in  the  immediate  neighbourhood  of  the  last  opened  anthe- 
ridia,  we  shall  find  in  and  npon  the  clefts  of  the  neck  numerons 
spermatozoids  clinging  to  them.  They  are  arrested  here  by  a 
jelly-like  substance. — The  fertilized  egg,  or  oospore,  becomes  sur- 
rounded by  a  strong  colourless  membrane,  and  the  inner  wall  of 
the  sbeathing  sacs  bounding  npon  this  commences  after  some  time 
to  thicken  and  become  brown.  In  spite  of  the  incrustation  of 
lime,  these  i-elations  can  be  made  recognisable  by  treating  the 
oogonium  with  hydrochloric  acid. 
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CHAPTER  XXni. 

THE   KEPHODUCTION   OP  FUNQL 
Material  Wanted. 

Fresh  horse-dnng  to  grow  moulds  npon. 
Piece  of  diseased  potato  plant.  Fresh. 
A  piece  of  bread  to  grow  blue  monld  npon. 

If  a  piece  of  damp  bread  is  p1a,ced  under  a  glass  bell-jar,  it  ia 
covered,  even  in  a  few  days,  with  a  thick  felt  of  fnngns  threads, 
[mycelinm],  which  almost  always  belongs  to  Mucor  Mucedo,^ 
one  of  the  Fhycomycetea.  This  fungus  soon  shows  itself  very 
Insnriaiitly  upon  fresh  dung,  kept  in  a  closed  moist  chamber. 
From  the  substratum  arise  erect  fruiting  branches,  COnidioplLOTes, 
or  gouidiophores,  an  inch  or  more  in  length,  which  turn  towards 
the  source  of  light,  and  end  each  one  with  a  globular,  yelloi 


brown  head,  readily 
naked  eye.       If  we  lift 
substratum,  and  place 
m.eans    of    sufficiently 
conaists   of   thick,    copi 


visible  with  the  lens  and  even  with  the 
b  some  of  this  material  carefully  from  the 
a  drop  of  water,  we  can  determine,  by 
strong  magnification,  that  the  mycelium 
piously  branched,  irregularly  septate  saca 
[byphsB],  and  that  from  these  ai^se  the  straight,  unseptate  and 
nnbranched  fruiting  branches,  which  bear  each  one  of  the  globular 
heads,  the  sporangium.  If  still  unripe,  this  remains  unchanged 
in  the  water;  its  contents  consist  of  yellowish -brown  protoplasm. 
In  the  youngest  stages  the  fruit-stalk  is  not  cut  off  from  the 
sporangium ;  later  on  there  arises  a  partition  wall,  strongly  arch- 
ing into  the  interior  of  the  sporangium,  so  that  the  stalk  ends 
inside  the  sporangium  with  a  swelling  like  a  ninepiu,  the  so-called 
oolnmella.  The  ripe  sporangium  deliquesces  in  water,  and  of  its 
wall  only  fragments  formed  of  fine  needles  remain  behind,  of 
which  it  has  been  determined  that  they  consist  of  oxalate  of  Hme.^ 
The  expelled  spores  (gODidia)  be  at  pretty  regular  distances  from 
one  another,  and  by  pressure  du  the  cover-glass  we  can  determine 
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that  they  lie  embedded  in  a  colourless  alime.  On  tlio  stalk,  andcr 
the  colamella,  is  usaally  to  be  seen  a  small  collar,  as  a  relic  of  the 
lime-crnst  which  waa  attached  there.  In  the  peripheral  proto- 
plasmic layer  of  stalks  which  are  not  too  old,  we  can  follow  fine, 
in  the  main  longitudinal,  streaming  of  the  protoplasm.  The  sacs 
of  MucoT  are  maltinuclear,  the  nuclei  very  small,  only  distinguish- 
able by  suitable  staining.  In  dnng-cultures  the  fangus  occasion- 
ally forms  zygotes  [zygospores],  which  present  themselves  as  dark 
points.  They  can  nsnally  be  forced  into  the  formation  of  zygotes 
[zygospores]  in  the  months  of  March  and  April,  if  the  spores  are 
sown  in  fresh,  flattened-out  horse-dung.  The  zygotes  are  ready 
in  from  eight  to  fourteen  days.  At  other  times,  in  order  to  obtain 
the  zygotes,  it  succeeds  well  if  the  sowing  is  made  in  some  drops  of 
concentrated  plum-juice,  sterilized  by  long  boiling,  and  then  mixed 
with  ten  to  twenty  per  cent,  of  alcohol  [not  methylated].  The 
sowing  is  made  on  a  cover-glass  in  a  damp  chamber  constructed 
of  a  glass  ling  (see  p.  i!44),  and  the  object-slide  placed  in  the 
large  plaster-of- Paris  moist  chambei'  (p.  243).  The  zygotes  [zygo- 
spores] arise  by  conjugation  of  the  ends  of  mycelial  threads  swollen 
into  club  shape.  On  the  i-ipe  block  zygotes,  covered  with  warts, 
the  positions  of  these  two  mycelial  threads  can  be  seen  opposite 
to  one  another,  as  clearer  places  with  circular  outline. 

If  uninjured  material  is  transferred  to  absolute  alcohol,  chrom.ic 
acid,  or  picric  acid,  and  afterwards  stained,  the  lining  plasmio 
layer  of  the  mycelium,  as  of  the  aerial  gonidiophores,  can  he  seen 
to  contain  numerous  small  nuclei,  scattered  at  irregular  distances, 
and  connected  together  by  plasmic  threads.  They  are  also  recog 
nisable  in  the  sporangia,  and,  thongh.  with  more  difficulty,  in  the 
spores.     In  these  latter  there  is  usually  but  one,  sometimes  two. 

Mucor  Mucedo  is  a  very  suitable  object  wherewith  to  be  intro- 
duced to  the  methods  of  fungus  culture  upon  the  object  slide,  and 
we  will  thei-efore  amplify  hei'e  the  methods  already  learned  in 
connection  with  bacteria.  We  prepare  a  suitable  cnlture-flnid,  by 
boiling  an  infusion  of  horse-dung  in  water.  The  infusion  is  filtered 
clear,  and  then  again  boiled  for  a  long  time  in  order  to  sterilize  it. 
The  object-slides  and  glass- utensils  needed  for  use  must  likewise 
be  sterilized  by  passing  through  a  gas  or  spirit-flame,  or  by  being 
laid  for  a  short  time  in  absolute  alcohol  and  then  in  ether,  which 
latter  will  rapidly  evaporate  after  removal.  It  has  also  been 
recommended  to  preserve  the  glass- utensils  in  10  per  cent,  hydro- 
chloric acid,  to  remove  them  just  before  needed  for  use,  and  wash 
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them  in  distilled  water,  which  hae  been  boiling  for  somci  hours. 
Glasses  cleaned  in  this  way  allow  the  drop  of  cultme-fluid  to  be 
well  spread  oat,  a  point  of  no  small  advantage.  These  precautions 
are  rendered  necessary  by  the  existence  in  the  atmosphere  of 
varions  spores  which  might  infect  the  culture.  Ifc  is  neo^asaiy 
now  to  sow  a  single  gonidtnm,  and  this  ia  effected  in  the  following 
way.  A  sporangium  from  a  pure  cnUnre  is  transferred  with  the 
forceps  to  a  watch-glass  filled  with  boiled  water.  In  this  tho 
gonidia  will  soon  become  uniformly  diffused.  A  drop  of  tho  flnid 
can  then  be  taken  ont  of  the  watch-glass  by  means  of  a  needle 
which  has  been  disinfected  in  a  Same,  and  laid  in  an'elongated 
sti'eak  upon  an  object-slide.  This  streak  is  then  examined  under 
the  microscope.  If  it  contains  bat  one  gonidinm,  it  is  hi  a  fit  state 
for  use  for  the  calture ;  but  if  it  contains  more  than  one,  a  part  of 
it  must  be  wiped  off  with  a  scrap  of  rag.  A  drop  of  the  cnltore- 
fluid  must  then  be  laid  on  the  gonidium,  the  slide  then  laid  apon 
one  of  the  zinc  frames  represented  in  Fig.  I,  and  this  co^rered  with 
a  bell-jar,  the  edges  of  which  are  imroersed  in  water. — It  is  even 
better  to  add  a  few  drops  ot  the  culture-fluid  to  the  watch-glass 
of  water  containing  the  gonidia,  and  to  leave  them  there  for  a  few 
hours.  The  gonidia  swell  to  a  ten-fold  size,  becoming  globular, 
and  are  much  easier  to  see  and  count  in  the  streak  upon  the 
object-slide.  The  swollen  gonidiunt  wilt  show  a  large  central 
vacuole  (Fig.  87c,  B).  Several  germinal  tubes  will  quickly  be 
developed  from  the  gonidium,  wilt  grow  rapidly,  and,  in  the  course 
of  a  day,  as  can  be  readily  seen  by  repeated  examination  under  the 
microscope,  will  produce  a  highly-branched  mycelium  (Fig.  87c,  G). 
The  successive  systems  of  branches  progressively  diminish  in 
thickness.  The  entire  mycelium  has  no  partition  walls,  and  is 
filled  with  dense,  granular  protoplasmic  contents,  in  which  are 
"  numerous  vacuoles.  Wh«>  the  mycelium  has  attained  a  definite 
size,  farther  branching  ceases ;  the  protoplasn^  becomes  more 
granular  and  darker,  and  begins  to  collect  towards  the  middle  of 
the  mycelium.  Here  the  gonidiophoi'e  is  erected  out  of  the  fluid 
as  a  thicker  branch;  and  when  this  has  attained  a  certain  size,  the 
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end  swells  into  a  head  (Fig-  87c,  C),  the  bnik  of  the  protoplasm 
of  the  mycelinm  moves  towards  this  rudimentary  sporangium 
(Fig.  87c,  D),  and  is  replaced  by  cell-sap.  The  sporangium  is  cut 
o£E  by  a  partition  wall,  whioli  bulges  iuto  it  {E),  and  its  contents 
separate  into  individual  portions,  which  constitute  the  gonidia  (f). 
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When  the  sporangium  is  ripe  the  gouidiophore  rapidly  elongates 
greatly.  In  the  mycelium,  partition  walla  have  already  been 
foinned.  This  stage  of  the  development  ia  attained  at  the  ontaide 
in  three  days.— While  we  should  by  no  means  neglect  to  get  this 
insight  into  the  rapid  development  of  this  fungus,  it  is  necessary 
to  state  that  should  we  wish  to  carefully  study  the  various  stages 
as  above,  it  will  be  necessary  to  start  several  cultures,  since  for 
observation  a  cover-glass  must  be  laid  on,  and  the  preparation  will 
thus  be  spoiled  for  farther  development.  With  a  sufficiently  high 
power,  protoplasmic  streaming  will  be  readily  recognisable,  and 
especially  along  the  wall  of  the  gouidiophore.  Permanent  pre- 
parations of  isolated  spore-cultures,  at  aoy  time  prior  to  the  elon- 
gation of  the  gouidiophore,  can  be  made  by  fining  the  object  by 
carefnily  flooding  the  object-slide  with  one  of  the  filing  fluids, 
and  subsequently  likewise  staining  the  object  upon  the  slide.  In 
the  centre  of  such  a  preparation  the  original  gonidium  can  usually 
be  still  recognised  as  a  slight  swelling  (see  Fig.  87c,  0). 

On  the  object-slide  we  obtain  only  gonidiophorea,  ultimately 
several  on  each  individual  j  in  order  to  see  the  sesaal  organs  and 
zygospores,  we  must  make  a  culture  en  WMsee.  They  are  most 
likely  to  come  upon  horse-dung  cultures,  but  rarely  in  quantity  ; 
so  that  we  often  look  for  them  in  vain.  When  present,  the  zygo- 
spores show  on  the  dung  as  black  dots.  If  such  a  dot  be  carefully 
removed  on  to  an  object-slide,  we  ca.n,  if  it  is  actually  a  Mucot 
zygospore,  recognise  it  as  a  black  ball  covered  with  wart-like  pro- 
jections. It  is  very  readily  torn,  but  if  it  should  happen  to  he 
complete,  we  can  recognise  the  two  ends  of  darkly- col  on  red  myce- 
lial threads  attached  to  it  (Fig.  87d,  C).  If  the  mycelial  thread  ia 
torn  off,  or  has  already  separated  from  the  zygospore,  the  placea 
of  attsichment  can  be  seen  as  clear  circular  spots  (Fig.  87d,  D). 
These  can  be  seen  with  special  ease  when  the  zygospore  is  crushed. 
The  contents  of  the  zygospore  consist,  as  is  then  seen,  of  finely 
granular  protoplasm  and  oil.  Besides  the  ripe  zygospores,  we  may 
also  find  younger,  lighter- coloured,  or  even  colourless  ones,  which 
do  not  yet  possess  the  warty  prominences,  and  even  we  may  hnve 
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portions  of  mycelirim  in  which  tte'  formation  of  zygoaporea  baa 
just  commenced.  We  shall  then  see  two  mycelial  threads,  rich  in 
contents,  the  ends  of  which  have  swollen  glohnlarly,  which  have 
pined  tocfethei-  hy  their  apical  snrfaces  (Fig-  87d,  A  and  jB).  At 
a  little  distance  from  these  apical  sni-faces  each  of  the  swollen 
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ends  has  been  cut  off  by  a  partition  wall.  In  somewhat  older 
stages,  the  contact  surfaces  of  the  two  sexual  organs  are  wanting, 
and  the  contents  of  both  cells  have  mingled.  This  zygospore, 
resulting  then  from  the  copulation  or  conjngatioii  of  two  similar 
colls,  I'ounds  off  and  enlarges  considerably,  and  the  two  attached, 
club-like,  swollen  mycelial  threads  form  the  snapensors.  , 

That  these  zygospores  actually  belong  to  Mucor  Mucedo  can  be 
determined  by  germinating  them.  When  the  conditions  for  their 
development  are  pi-eeent,  the  zygospores  are  produced  in  great 
nnmber.  A  large  amount  of  material  for  investigation  can  be 
obtained  by  cleansing  the  dung  in  question  with  water.  The  ripe 
zygospores  sink.  They  are  carefully  washed,  and  laid  upon  object- 
slides  nnder  a  bell-jar  with  its  edges  immersed  in  water.  Germi- 
nation begins  in  abont  six  weeks,  when  each  zygospore  emits 
usually  one  thick  germ  tabe,  which  is  a  gonidiophore,  and  is 
crowned  by  the  usual  sporangium  of  Mueor  (Fig.  87d,  E).  For  the 
emission  of  the  germ  tube  the  black  outer  wall  of  the  spore,  the 
flXOBporium  is  only  torn  so  far  as  is  necessary ;  the  development 
of  the  gonidia  proceeds  relatively  slowly,  so  that  it  is  completed 
about  the  third  day  after  the  commencement  of  germination. 

Mucor  can  be  grown  also  upon  the  surface  of  a  saccharine  fluid, 
and  forms  submerged  and  aerial  hypbte  as  upon  bread  or  dung. 
Bat  if  spores  are  grown  completely  sabmerged  in  such  a  fluid,  as, 
for  example,  in  a  thin  layer  between  a  cover-glass  and  a  slide,  the 
hypb»  produced  break  up  by  constriction  into  necklace-like 
strings,  the  units  of  which  separate  and  bud  much  after  the  fashion 
of  Sacckaromyces  (p.  215),  and  like  it  induce  active  fermentatioa- 

In  studying  dung-cultures  of  Mucor  Mucedo,  it  is  well  to  note 
that  it  is  commonly  accompanied  by  two  other  Mucorinete,  Ghceto- 
cladium  Jbnesii  and  Fiptocephalis  Freseniana,  which  grow  parasiti- 
cally  upon  it.  The  mycelial  threads  of  Clustocladiuvi  unite  with 
the  mycelial  threads  and  gonidiophores  of  Mucor  by  means  of  the 
resorption,  at  the  place  of  union,  of  the  separating  walls.  Numerous 
fnrther  prominences  arise,  and  nnite  with  the  Mucor  hyphie  as 
suctorial  apparatus,  or  haustoria.  The  mycelial  thi-eads  of  Ftpto- 
cephalis,  on  the  other  hand,  cling  to  the  Mueor  threads  by  swollen 
ends,  from  which  numerous  delicate  processes  penetrate  into  its 
interior.     If  note  is  not  made  of  this  the  fructifications  of  these 
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two  parasitic  iuugi  may  be  taken  as  belonging  to  the  Alucor 
itself. 

In  the  cnltivation  of  fungua  spores  in  moist  chambftrs  it  may  be 
remarked  that  for  rapid  cultnres  the  pasteboard  chambers  answer 
admirably ;  but  that  for  cwHurea  which  last  more  than  a  few  days 
they  cannot  be  used,  as  they  themselves  form  a  nidns  for  the 
spores  of  various  moulds.  Glass  chambers  must  then  be  used. 
The  infusion  of  horse-dung  recommended  for  Mucor  does  not 
■"  keep  "  for  long,  and  therefore  can  be  recommended  only  for  cnl- 
tntes  of  rapidly  developing  moulds.  If  the  development  requires 
a  longer  period,  it  is  sometimes  feasible  every  other  day  to  remove 
the  drop  carefully  with  a  pipette,  and  replace  it  with  a  new 
supply.  The  infusion  keeps  the  longest  when  the  dung  is  stirred 
in  vrater,  boiled,  and  filtered,  and  the  filtrate  kept  for  at  least 
twenty-four  hours  in  a  vapour-bath.  In  many  cases  a  cold  extract 
of  dried  fruits,  such  as  raisins,  pears,  or  plums,  is  very  serviceable. 
Such  an  extract  is  filtered  till  clear,  and  then  evaporated  to  the 
thickness  of  syrup.  It  can  he  kept  for  years  unchanged,  and 
when  wanted  for  culture  purposes  can  be  mixed  in  suitable  pro- 
portions with  well-boiled  water.  If  the  fluid  has  an  acid  i-eaction 
it  must  under  some  circumstances  be  neutralised  with  ammonia, 
is  many  fungi  cannot  endure  the  acids  obtained  from  fruits. 

The  cause  of  the  potato -disease  is  likewise  a  Phycomycete,  the 
Phytophihora  infedans,  de  Bary,*  germinating  hyphte  of  which 
penetrate  through  the  membranes  of  the  epidermal  cells  of  the 
leaf  into  its  intercellular  spaces,  and  spreading  about  in  these 
destroy  the  tissue  of  the  host,*  forming  brown  spots  of  constantly 
increasing  diameter.  In  order  to  obtain  the  fungus  fructifying 
in  'large  quantity,  we  place  a  piece  of  a  diseased  potato-plant  in  an 
atmosphere  saturated  with  moisture  under  a  bell-jar,  and  let  it  lie 
there  for  about  two  days.  The  diseased  leaves  are  now  covei'ed 
over  on  both  sides,  but  especially  on  the  under,  with  white 
"mould,"  formed  by  the  filamentons  fruiting  branches  [gonidio- 
phores]  of  the  Phytophthm-a.  These  tufts  of  mould  are  especially 
developed  at  the  edges  of  the  brown  spots.  On  surface  sections 
of  the  parts  covered  with  mould  we  see  the  gonidiopbores  f  pfo- 

*  I  have  thus  rendered  the  Author's  term  "KahrpSanze."  OB  the  word  "host" 
is  fully  incorporated  into  English  scientiflo  phraseology  as  siqnif^iag  the  living 
organism  upon  wbicb  another  organism,  animal  or  vegetal,  lives,  and  more  or 
less  completely  preys.     [En.] 

i  In  the  Author's  corrections  tor  the  English  edition,  he  has  throughout, 
fdloning  the  terminology  of  de  Bary,  erased  the  term  "conidia."  and  insertel 
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jectinp;  through  the  widely  opened  atomata.  We  can  demonstrate 
this,tliough  less  completely,  in  fragments  of  leaves,  which  we  place 
in  their  entire  thickness  uader  the  microscope.  The  gonidiophorea 
appear  as  deUcate,  nnseptate  threads,  branched  above,  and  filled 
with  finely  granular  protoplasm  (Fig.  88,  A).  The  branching  is 
monopodial  oi-  racemose  ;  the  number  of  branches  usually  but 
two  or  three.  These  branches  are  irregularly  swollen  at  intervals. 
In  dry  air  the  gonidiophores,  collapsing,  are  twist-ed  upon  their 
axis.  Here  and  there  we  see  at  the  end  of  a  branch  a  gonidiom  ia 
cooi'Se  of  development ;  the  ripe  lemon-shaped  gonidia,  however, 
have  fallen  off  in  laying  the  preparation  in  water.  In  order  to 
find  the  gonidia  on  the  gonidiophore,  we  mast  examine  the  pre- 
paration dry.  The  preparation  is,  however,  to  be  covered  with 
a  cover-glass,  and  a  trace  of  water  placed  under  it  from  the  edge, 
because  otherwise  the  gonidiophores,  as  already  indicated,  rapidly 
drying,  shrivel  np.  In  plants  collected  from  the  open  air  the 
gonidiophores  are  found  only  on'  the  under- side  of  the  leaves,  and 
do  not  grow  so  tall  as  in  the  moist  chamber;  are  mnch  less  notice- 
able, therefore,  with  the  naked  eye.  Delicate  cross-sections  through 
diseased  leaves,  made  by  means  of  elder-pith,  and  always  at  the 
margins  of  the  spota,  permit  us  to  clearly  follow  the  eicit  of  the 
gonidiophoi'es  from  the  stomata.  Often  several  such  hyphse  come 
Eide  by  aide  out  of  the  same  stoma;  or,  more  commonly,  the  hypha 
branchea  at  its  esit,  and  gives  correspondingly  more  gonidiophores. 
From  these  places  we  can,  though  with  great  difficulty,  follow  the 
hyphsB  inwards,  into  the  tissue  of  the  leaf,  and  determine  that  they 
pass  into  the  intercellular  spaces.  As  a  distinction  from  the  most 
nearly-allied  species  of  Feronospora,  Fhytophthora  forms  but  spar- 
igly,  and  then  only  short,  Bnctorial  OTgaus  (haustoria),  penetrating 
uto  the  cells  of  the  host,  so  that  usually  they  may  be  looked  for 
lin.  The  delicate  mycelial  threads,  on  the  other  hand,  cling 
closely  to  the  cells  of  the  host.  Such  cells  show  first  a  brown- 
ing of  their  chlorophyll-grains;  these  fase  finally  together,  and  with 
the  other  constituents  of  the  cell,  into  a  dark -brown,  coagulated 
mass ;  at  the  same  time  the  whole  cell  collapses.  The  gonidia  are 
lemon-ahaped  (Fig.  88,  B),  with  short  stalks,  somewhat  tapering 
apex,  and  finely  granular  contents.  The  membrane  of  the  gonidium 
is  very  delicate,  a  little  swollen  at  the  apex.     They  are,  as  we 

"gonidia."  I  have  reUined  Uilb  alteration.  In  most  vorka,  honever,  the 
HtnJent  will  find  "  conidia,"  with  its  derivatives,  applied  to  Fungi,  "  gonidia," 
and  its  derivatiTes,  applied  to  Ala's— a  separation  not  without  advantage.   [Ed.] 
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havo  already  seen,  sitnated  at  the  ends  of  the  branches  of  the 
gonidiophore ;  if  they  Lave  attained  their  full  dimensioQB,  the  apex 
of  the  branch  nnder  the  point  of  origin  of  the  gonidinm  further 
^rows  unilaterally,  presses  the  gonidinm  over  to  one  side,  so  thnt 
this  cornea  to  lie  in  a  position  at  right  angles  with  the  branch.    At 
the  apei  of  the  branch  soon  arises  the  mdiment  of  a  new  gonidinm 
(compare  Fig,  89,^).   Wo 
BOW  the  gonidia  in  a  drop 
of    water   npon    a  coyer- 
glass,  and    take   care   by 
stirring  the  drop  that  the 
greater  part  of  the  gonidia 
jt  arc  immersed.   The  cover- 

glass  is  laid  npon  a  small 
t  moist- chamber,  and  the 
drop  anspended  froni  it. 
The  calture  mnst  not  be 
carried  on  in  too  intense 
ff  light.     After  the  lapse  of 

--i  about    an    honr,   perhaps 

/^^^       later,     the    formation    of 
fc^"^       Swarm-sporeB     from     the 
^^p?        contents    of    the    gonidia 
begins.     The  gonidia  are 
n  f        converted,  therefore,  into 
/  8porai^;ia;  they  can,  how- 

L  ever,   germinate    directly, 

r^  when  we  see  some  of  those 

[  lying  at  the  surface  or  at 

the  edge  of  the  drop  pnt 
ont  a  hyphal  sac  from  the 
anterior  papilla.  In  those 
that  are  immersed  and 
form  swarm-spores,  the 
contents  divide  into  an 
indefinite  nnmber  of  cells 
(C),  in  each  of  which  wo' 
can  see  a  smalt  central  vacnole.  The  apex  of  the  gonidinm  swells 
ont  into  a  papilla,  is  finally  dissolved,  and  the  separated  masses  of 
its  contents  are  snccessively  pressed  ont  throngh  the  small  ronad 
apertnre.     They  hasten  away  as  swarm-spores.     If  we  fix  these 
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swarm-spores  with  iodine  solation,  we  can  determine  the  presence 
upon  them  of  two  cilia.  These  are  inserted  laterally  in  the 
proximity  of  the  now  peripheral  vacuole  (D).  The  movement  of 
the  awann-spores  lasts  np  to  half  an  honr.  They  then  come  to 
rest,  sarronnd  themselves  with  a  cellulose  membrane,  and  ger- 
minate soon  into  a  byphal  sac.  It  is  this  sac,  developed  directly 
fi'om  the  gonidinm,  or  from  a  swarm-spore,  which  penetrates 
through  the  epidermis  into  the  stem  and  leaves  of  the  potato-plant, 
and  can,  as  may  be  proved,  in  this  way  infect  a  completely  healthy 
plant.  The  rapid  multiplication  of  the  parasite  is  provided  for  by 
the  formation  of  gonidia. 

Sexnal  organs  have  not  yet  been  fonnd  npon  Phytophthora 
infestans,  although  known  for  the  nearly  allied  Peronosporese.  In 
these,  mycelial  branches  in  the  interior  of  the  Lost  swell,  usually 
at  their  end,  globniarly,  and  foi-m  the  OOgonia  by  cutting  off  these 
swellings  by  partition  walls.  By  each  oogonium  is  found  a 
mycelial  branch,  with  its  end  cut  ofE  as  an  antheriditim.  The 
greater  part  of  the  protoplasm  present  in  the  oogonium  forms 
a  central  globular  egg-cell  or  oosphere.  The  antheridinm  pats 
ont  a  fertilizing  sac  to  the  egg-cell,  and  this  surrounds  itself 
afterwards  with  a  firm  membrane.* 

Upon  the  most  variable  objects  in  damp  positions,  even  if  only 
traces  of  nourishment  can  be  obtained  from  them,  soon  is  wont 
to  be  fonnd  the  blue-green  mould,  FenicilliuTn  criittareum.  Fries.* 
It  is  the  most  widely  distributed  of  all  monlds ;  we  meet  with  it 
everywhere.  We  shall  not,  therefore,  need  to  seek  long  for 
material  for  examination.  It  will  be,  however,  most  convenient 
to  moisten  a  piece  of  bread,  and  place  it  under  a  bell-jar.  Kot 
.  improbably  Mucorinete  will  first  show  themselves  on  the  bread ; 
but  soon  the,  at  first,  more  slowly  developed  PeuicilUuTn  will  have 
supplanted  it,  and  after  about  eight  days  covers  the  subetratom 
with  a  dense,  bine-green  covering.  The  blue-gi'een  coloration 
arises  from  the  spores  of  Fenicillium,  which,  however,  only  show 
this  coloration  when  in  great  quantity.  Wo  now  lift  a  little  mate- 
rial from  the  substratum,  and  examine  it  in  water.  The  mfceliom 
consists  of  branched  hyph»,  which  are  divided  by  partition 
walls.  The  contents  directly  visible  are  finely  granular  proto- 
plasm and  small  vacuoles.  Individual  threads,  not  distinguish- 
ahle  from  other  mycelial    threads,  have  developed  into  fruiting 
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branches   [gonidiophores].     At  their  apes  they  bear  a  whorl  of 
short  branches,  which   branches  (Fig.  90,  « ')  on  their  part  eithei- 
bear  directly  whorls  of  basidia,  or  previously  each  one  a^in  beara 
awhorl  of  shorter  lateral  brandies, 
f       and  then  these  bear  the  whorls  of 
basidia.     This  branching  gives  to 
the   frniting    branch    the   appear- 
ance of  a  bmsh.     Commonly  other 
latei'al  branches,  which  arise  jnst 
under    a    partition    wall    of    the 
primary  frniting  branch  (as  in  the 
right  band  of  the  figare),  come  up 
laterally  to   this   terminal   brush, 
and  form  secondary  fruiting 
branches.     The  basidia,  as  soffici- 
ently  atroDg  magnification  shows, 
are  cylindrical,  prolonged  at  their 
end    to    a    finer    projection,    the 
Bter^ma   [pi.   sterigmata].     This 
sterigma  swells  to  a  globular  point, 
and  forms  a  quickly -growing  spore. 
Under  the  first  spore  soon  shows  a 
second  swelling,  which  becomes  a 
spore,  and  so  on,  so  that  chains  of 
spores    arise,     the   terminal    spore 
being  the  oldest.      The  uppermost 
spores  of  the  chain  are  thrown  off, 
while    new   ones    press   outwards 
from  below.     Tufts  of  Fenicillium, 
fixed  with  alcohol,  stain  very  well 
with  very  dilute  htematosylio,  by 
which  it  can  be  determined  thnt 
in  the  cells  of  the  mycelinm  and 
90— pn(tnnm»enii(oMum  fruit.      *^*  fruiting  branch  numerous  nn- 
ingbronciiBi  Willi  verticils  o£  branches      clei  are  present.'     The  nuclei  are 
lnrfp'?£;a*'"ucr'ei'''vii,ibi^''*'i^m'?i;      "^^^y   small,    SO  that  they  require 
aicobol.hssmiitoijlin    preparaiion   (x       strong    magnification.       They   are 
elongated  in  the  longitudinal  direc- 
tion of  the  cell,  and  joined  by  fine  pi  asm  a- strings.     In  long  cells 
very  many  can  be  counted ;  in  the  shorter  branches  of  the  whorla 
on  the  fruiting  branches,  only  one  or  two ;  in  the  basidia,  pro- 
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bably  only  one  at  the  upper  end.  The  basidia,  l-.owever,  are  usually 
filled  so  thickly  with  contents  at  the  apes  that  the  ideutification 
of  the  nncleus  in  them  is  impossible.  In  the  apores  also,  with 
tb.e  strongest  magnification,  a  nncleus  can  be  diatinguiehed  with 
certainty  for  each." 

To  complete  what  we  have  already  said,  it  may  be  added  that 
besides  the  above- described  fruiting  branches,  it  is  possible  to  reai- 
upon  Feniciltimn  a  second  kind  of  fruiting  body.*  These  arise  in 
suitably  managed  cnltnre  en  masse,  have  the  size  of  small  pin- 
heads,  and  a  yellowish  colour.  In  their  interior,  aiter  longer 
period  of  rest,  asci  are  formed,  each  of  which  produces  8  spores 
[ascospores].  Therefore  Peniciiiium,  must  be  set  down  as  an 
Ascomyceto,  one  representing  the  section  of  cleistocarpoos  Asco- 
mycetea,  with  closed  fruit-body.  Out  of  the  aporea  developed  in 
the  asci  the  brush-like  gonidiophores  have  been  again  developed 
upon  the  object-slide. 


NOTES  TO  CHAPTER  XXUI. 

*  Brefeld,  Schimmtlpllze,  Heft  I.,  p.  10 ;  the   other  literature  is  given  here. 

■  Brefeld,  U.,  p.  IB, 

'  Compare  de  Bat;.,  Jnn.  dts  Sc.  nat.  Batanigiie,  IT.  Series,  tom.  XX.,  p. 
32,  and  BeitrSge  ziir  ilar^h.  mid  Fhyi.  der  Filzt,  Heft  II.,  p.  35. 

*  Brefeld,  i.e.,    Hett  U. 

*  Strasburger,  Zellb.  u.  Ztllth,  3l'd  edit ,  p.  321. 

*  Brelald,  i.e.,  p.  39. 

Compare  Bainier,  Annala  d^t  SeUncr*  natartUei,  Botitniqut,  VI.  Series,  tom. 
XI.,  p.  315,  (or  lorther  pacticiilara  on  the  culture  at  the  Mucorincie, 

■  In  the  eiamioatioQ  of  fresh  objaotB  in  water,  it  ottenhappens  ibat  air  clings 
very  tightly  amonget  the  hyphre,  and  hinders  obBervation.  Attempts  to  remove 
tbe  air  have  ugually  diBadvantageoUB  effects  upon  the  preparation  itself.  In 
order  to  render  tbe  gODidiophores  of  these  and  other  moulds  free  of  air,  as  far  as 
the;  will  admit  of  it,  and  ;et  having  their  natural  dislribation,  the  following 
method  ma;  be  ased :  A  scrap  o(  the  material  is  laid  carefull}'  npou  the  surface 
of  a  drop  of  glycerine,  a  drop  ot  alcohol  is  placed  apou  it,  and  the  caver-;:lasB  is 
laid  on. 
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CHAPTER  XSrV. 
THE  ItEPBODUCTION  OF  THE  HIGHEB  FUNGI  AND  LICHENS. 

Material  Wanted. 
Leaves  of  Barberry  with  closter-capa.    Fresh  (gathered  in  Hay  or  . 

June),  dry,  or  in  alcohol. 
Plants   of  grass   (wheat   or    oat,   etc.)   affected  with  mst.      Fresh 

(gathered  mid'Jime  to  Augast),  dry,  or  in  alcohol. 
Jluaaula  sp.     Fresh,  or  in  alcohol.     Failing  this,  the  common  Muah* 

room  (Ar/nrieuM  eampeelria).     Fresh,  or  in  alcohol. 
The  Morell  {Morckellit  eacvienta).     Fresh,  dry,  or  in  alcohol. 
Awiptychia  cUiaris,  in  fructification.     Fresh,  dried,  or  in  alcohol. 

Ih  the  months  of  May  and  Jnne  are  found  not  infrequently  npon 
the  under  side  of  the  leaves  of  the  Barberry  (JJerfceris  vulgaris) 
orange- coloured  wavts,  which,  to  the  naked  eye,  appear  finely 
pitted.  Examination  with  a  lens  shows  them  as  cushion-like 
yellow  swellings,  npon  which  are  placed  small  orange-red  cnplets. 
The  corresponding  positions  on  the  upper  side  of  the  leaf  present 
themselves  as  reddish  spots  edged  with  yellow.  Examined  with  a 
lens,  usually  numerous  bi-own  points,  snrronnded  with  orange-red, 
show  out  in  the  inner  parts  of  them.  Individual  similar  points 
are  often  to  be  found  on  the  edges  of  the  cushion  on  the  under  side 
of  the  leaf.  The  cuplets  on  the  cushion  of  the  under  side  of  the 
leaf  are  the  secidinm-fmits  of  ^cidium,  BerberidU,  the  "  cluster- 
cnp  "  of  the  Barberry  ;  the  corresponding  points  on  the  spots  on 
the  npper  side  of  the  leaf,  and  also  upon  the  edges  of  the  cushion 
on  the  under  side  of  the  leaf,  are  the  spermoglOiieB  appertaining  to 
them.  Together  they  form  the  first  generation  of  the  common 
fungus,  mst  of  wheat,  etc.  {Pxtccinia  graminis),  belonging  to  the 
^cidiomycetea  or  TIreduien,  of  which  the  second  generation  is 
gone  through  upon  onr  corn  and  other  grasses,  giving  rise  to  the 
appearance  of  the  disease  called  "mst."'  By  means  of  elder-pith 
we  prepare  delicate  ci'oss-sectiona  through  an  infected  leaf,  and 
examine  them  with  weak,  and  afterwai'ds  with  strong,  magnifica- 
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tion.  We  assume  that  fresh  material  stands  at  onr  disposal ;  the 
investigation  can,  however,  be  carried  on  satisfactorily  upon  dried 
and  soaked,  and  well  upon  alcohol  material.  The  sections  pre- 
pared from  the  fresh  leaf  are  especially  clear  if  we  run  in  a  little 
potash  solution.  In  the  nninfected  parts  the  barberry  leaf  shows, 
procejding  from  above  downwards:  an  upper  epidermis ;  a  single 
layer  oE  elongated  paliBSade-cells ;  a  loose  spongy  parenchyma, 
about  five  cells  deep  ;  the  nndet  epidermia.  The  cushions  of  tissue 
of  the  infected  parts  have  attained  more  than  double  the  thick- 
ness of  the  leaf.  ITpon  the  palissade  layer  oE  the  upper  side, 
which  is  higher,  but  otherwise  appears  little  changed,  impinges  a 
closed  tissue,  which  also  shows  to  be  more  or  less  elongated  in  a 
direction  at  ri^ht-angles  to  the  surface  of  the  leaf,  and  from 
the  small  development  of  its  intercellnlar  Spaces  is  essentially  ■ 
distinguished  from  the  spongy  parenchyma  of  the  surrounding 
parts  of  the  leaf.  The  epidermis  of  both  surfaces  of  the  leaf  has 
not  been  affected  in  the  form  of  its  cells.  The  contents  of  all 
these  cells  are  disorganized,  and  consist  partly  of  colourless  oil- 
drops,  partly  of  greenish -yellow  and  reddish  drops  and  granular 
masses,  proceeding  from  the  chlorophyll -grains  and  the  cell  pro- 
toplasm. The  entire  tissue  of  the  cushion  shows  its  intercellular 
spaces  traversed  by  delicate,  partially-branched  fungal  hyphfe, 
septate  by  croas-walls,  and  containing  oil-drops.  These  extend  on 
both  sides  to  the  epidermis.  With  chlorzino  iodine,  as  also  with 
iodine  and  sulphuric  acid,  blue  coloration  is  not  induced,  since 
fimgal-cennlose  rarely  shows  this  reaction.  The  scidium-cnpa,  as 
we  have  them  before  ns  in  longitudinal  section,  are  sunk  above  the 
middle  in  the  tissue  of  the  cushion.  We  easily  determine  that  the 
mycelial  hyphte  under  the  cups  form  a  dense,  almost  pseudo- 
parenehymatous,  layer,  from  which,  perpendicularly  outwards,  and 
parallel  to  one  another,  rise  numerous  thicker  club-shaped  byphie, 
in  gap-less  union,  forming  the  so-called  hfmeniam.  These  hj^hoe, 
tlie  basidia,  pass  over  at  their  ends  into  straight  rows  of  epores, 
which  at  the  faasidia  are  colourless  and,  from  mutual  pressure, 
polygonal,  but  gradually  become  orange-red  and  rounded.  Higher 
up  the  spores  separate  from  one  another,  and  are  evacuated  from 
the  opened  fruit.  The  observation  of  the  youngest  spores  upon 
the  basidia  convinces  ua,  however,  that  they  are  cut  off  one  after 
another  by  cross-walls,  from  the  apex  of  the  growing  basidia.  The 
unilamellar  wall  of  the  fruit  {the  peridinm)  consists  of  cells  whicb 
look  very  like  the  spores,  but  remain  polygonal,  and  do  not  sepa- 


d.,  Google 


264  LIFB-HI  STORY  OF 

rate  laterally  from  one  another.  Their  fine  delicately  poi'onH  avails 
are  especially  strongly  thickened  on  the  onter  side.  The  deyelop- 
iag  peridinm  pushes  back  and  destroys  the  surronnding  tissue 
of  the  cnshion,  and  tears  open  the  epidermis  in  order  to  open  out 
to  the  exterior.— The  pear-shaped  spermogones,  especially  fonnd 
upon  the  upper  side  of  the  leaf,  are,  like  the  racidium -fruits,  anr- 
ixiunded  by  a  weft  of  hyphfe,  though  less  strong,  from  which  arise 
densely -crowded,  parallel  threads,  ranning  towards  the  middle  line 
of  the  structuro.  These  threads  are  very  delicate  ;  those  found  in 
the  upper  part  of  the  oi^an  project  as  delicate  bundles  towards 
the  exterior  [compare  Fig.  90*  later].  These  delicate  threads, 
the  Bterigmata,  abstrict  at  their  points  exceedingly  small,  globular 
cells,  the  Bpermatia,  which,  as  a  slimy  mass,  are  evacuated  out- 
wards from  the  organ.  The  sterigmata  themselves  contain 
orange-red  oil-drops,  which  gives  to  the  entire  organ,  especially  in 
its  outer  parts,  its  special  coloration.  The  Bpermatia  do  not 
germinate  ;  their  significance  is  still  unknown.  There  is  a  dispo- 
sition to  take  them  for  male  sexual  products,  and  to  consider  that 
the  sesnal  act  leads  to  the  formation  of  the  »cidium  fruits. — As 
already  mentioned,  the  fungus  lives  as  a  second  generation  npon 
Gramines.  It  belongs  to  the  heterfficions  piu-asites,  which,  in 
contradistinction  to  the  autmcious,  go  through  their  alteiiLation 
of  generation  upon  diflerent  hosts.  This  can  be  demonstrated  by 
direct  sowing  of  the  secidium -spores  upon  seedlings  of  the  cereals.' 
The  nredo  patches  of  Fucdnia  graminis  we  encounter  not  in- 
frequently in  the  open  field,  from  mid-Jnne  to  autumn,  npon  rye, 
wheat,  barley,  oats,  and  especially  also  on  the  couch-grass  or 
twitch  {Triticum,  repens).  They  especially  take  possession  of  the 
hanlm  and  the  leaf-sheaths  of  the  infected  plants.  They  are  easily 
recognised  as  narrow,  rnst-colonred  to  dark-brown  streaks,  run- 
ning parallel  with  the  veins.  Upon  the  leaf-sheaths  and  haulm 
(stem)  they  attain  to  even  two  or  more  inches  in  length.  The 
epidennis  of  the  host  is  torn  open  and  raised  by  the  protruding 
spore- patches.  First  appear  the  rust-colonred  patches  of  nredo- 
Bpore3,witb.  which  grudually  are  associated  brown  telentospores. 
They  take  possession  of  the  patches  of  nredospores,  and  at  length 
completely  supplant  these  latter,  whereon  the  patch  becomes  dark- 
brown,  almost  black.  Towards  the  end  of  summer  only  teleuto- 
sporea  are  to  be  found. — If  fresh  material  is  not  obtainable,  those 
preserved  in  alcohol,  and  even  dry  plants,  will  answer  for  the 
investigation.     We  first  prepare  a  cross-section  through  the  haulm 
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of  an  oat  ■which  is  infected  with  rusty  tireiio-patches.  We  can 
easily  demonstrate  upon  the  cross-section  that  the  fangal  hyptoB 
only  traverse  definite  tissaes  of  the  host ;  it  is  the  chloi-ophyll- 
containing,  looser  strips  of  tissue,  which  alternate  with  sclerenchy 
matously-thickened  strips,  io  the  periphery  of  the  stem,  and  are 
covered  with  an  epidermis  provided  with  stomata.  Here  the  cells 
are  densely  enveloped  in  segmented  hyphae,  and  their  contents 
disorganized.  In  the  places  where  the  section  has  passed  through 
a  patch,  we  can  see  numerons  short  and  delicate  twigs,  directed 
outwardly,  arise  from  the  mycelium,  which  at  their  swollen  ends 
abstrict  a  anicellular  spore,  the  nredOBpore.  The  snrfuce  is  rup- 
tured, its  edges  thrown  up  laterally.  The  spores  are  in  different 
stages  of  development.  Those  that  are  ripe  appear  an  elongated 
oval,  and  with  sufficiently  strong  magnification  permit  ns  to  dis- 
tinguish two  layers  in  their  wall.  The  onter,  dark-brown,  is 
covered  with  numerous  small  warts ;  the  inner,  less  dark,  shows 
several,  nsunlly  four,  regularly  distributed  pits  in  the  equator. 
The  contents  of  the  spore  are  granular,  in  the  inteiior  parts  a 
lively  orange-red. 

Cross -sections  through  the  haulm  of  oat,  bearing  the  dark- 
brown  patches  of  teleutOBpores,  show  the  same  structure,  as  far  as 
the  hyphte  are  concerned,  aa  we  have  already  seen.  The  teleuto- 
spores  are  mounted  upon  just  the  same,  but  thicker- walled,  stalks 
as  the  uredospores.  The  teleutospores  are  two-celled.  The  two 
cells  together  form  an  obovate  body,  somewhat  tapering  at  its  two 
ends.  The  spore-wall  is  dark-brown.  Plants  examined  in  the 
coarse  of  the  summer  may  have  at  the  same  tim.e  nredo-  and 
teleutospores  in  the  patch. 

We  may  here  supplement  this  by  adding  that  these  teleuto- 
spores  hibernate,  and  are  first  capable  of  further  development  in 
the  next  spring.  Each  of  the  two  cells  puts  out  a  delicate  tube, 
the  so-called  promycelinm,  which  is  segmented  into  several  cells, 
and  from  these  are  put  forth  short  awl-shaped  outgrowths,  which 
cut  off  at  their  apex  a  kidney-shaped  sporiditun.  These  sporidia 
can  only  infect  i.e.,  germinate  upon  the  Barberry  leaf ;  if  they 
happen  upon  a  sufficiently  young  leaf,  their  germinating  tuba 
pierces  straight  through  the  outer  wall  of  the  epidermal  cell 
directly  into  the  interior  of  the  host.  As  we  therefore  see,  the 
way  through  the  stomata,  by  which  the  germinating  tubes  of  the 
fficidio-  and  uredospores  enter,  is  not  the  only  one  by  which  infec- 
tion is  possible. 
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[In  order  further  to  elacidat*  the  various  stmcturea  referred  to 
in  detailing  the  life-history  of  this  ^cidium-Fuecinia,  I  introduce 
the  adjoining  Figure  90».  The  description  given  at  the  foot  of 
the  figure  should  be  compared  with  that  given  in  the  test.J 


LFio.  90'.— Pncclnia  gi-omlnd  ana  -Editfiim  D(rt«rMi>, 

I.,  Iranaversi 

leaf  of  Berbiiit,  with  ecidia  |n) ;  p,  the  peridium,  or  wall 

epidermis  of  the  leaf;  from  «  to  ij"  the  loaf  has  become 

thickened  bj 

parasite,  thus  forming  the  cushion ;  on  the  upper  enrfaco  fl 

tecidium  nbicb  baa  not  yet  burst.    II.,  lajer  of  lelealosp 

ores  IH  oa  the 

rspem;  >,its  epidrrmis.  III.,  part  of  a  layer  of  nredoep 

roB  on  tbe  sss 

LC  plant ;  «r,  tbe 
uredosporea^  (, a  (eleutospora.    (From  Pranti,  after  Sachs.)] 

In  order  to  make  ourselves  acquainted  with  the  structure  of  the 
hymenium  of  the  HymenomT'CeteB,^  we  seleet  as  best  one  of  the 
numerous  species  of  Toadstools  (Avianita),  Mushi'ooms  (^Aganeus' 
Psalliota),  or  Mussula.  We  select  here  for  examination  a  Ruesula, 
because  this  possesses,  moreover,  the  cystidia,  which  we  have  at 
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the  Bfwne  time  to  make  mention  of.  The  cap  on  pileiiB  showa 
on  the  underside  radially- arranged  lamellie.  These  bear  tho 
lirmeninm.  We  cut,  parallel  to  the  course  of  the  lamellte,  a  small 
piece  out  of  the  cap  [pileua],  and  make  through  this  croaa- sections 
perpendicular  to  the  course  of  the  lameUa  ;  these  mast  he  as  thin 
HS  it  is  possible  to  make  them.  The  entire  cross-sectiou  appeai-S 
like  a  comb,  on  which  the  sections  through  the  iamellie  form  the 
teeth  [see  Fig.  91«,  A,  later  on].  With  a  low  power  wo  see  that 
the  hyph»  pass  out  of  the  cap  into  the  lamella,  run  rectilinearly 
in  tho  middle  of  these,  and  gradaally  give  off  ramifying  branches, 
which  are  directed  obliquely  towards  the  flanks  of  the  lamellw,  and 
again  branch  [see  Fig.  91*,  B  and  Cj.  Seme  of  these  branches 
swell  into  club  form, 
and  end  blind.  A 
large  proportion  re- 


form, outside  the 
club-shaped  swollen 
branches,  w,  dense 
layer  of  short, 
rounded  segments, 
which  we  will  dis- 
tinguish as  the  sab- 
hymenUl  layer. 
This  is  limited  more 
or  less   sharply  to- 

tissne  of  the  lamella 
— the  trama.  The 
club-shaped  swollen 
branches  of  the  trama  serve  to  giv«  to  the  lamella  the  necessary 
stiffness.  Prom  the  suh-hymenial  tissue  spring  the  basidia,  and 
paraphyses  (Fig.  90).  These  have  an  approximately  parallel 
course,  stand  out  perpendicularly  from  the  flanks  of  the  lamelite, 
and  form  the  hymeniiun.  The  basidia  (6)  are  club-shaped.  On 
their  flattened  ends  they  form  four,  symmetrically-placed,  thin 
branches,  the  sterigmata  (c).  These  swell  gradually  at  their 
apices,  each  into  an  ellipsoid  spore,  basidiospore.  The  hasidio- 
apores,  when  they  have  attained  their  fall  dimensions,  remain  in 
most  cases  smooth,  or,  in  many  species  of  Eussula  (cf.  Fig.  90), 
they  form  short  spines  on  their  surface.     They  are  cnt  off  from 
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the  flterigmata  by  a  partition  wall,  and  ultimately  fall  off.  The 
aeptation  and  separation  takes  place  a  little  below  the  spore- 
swelling,  in  the  position  where  the  sterigma,  shows  a  slight  nick. 
The  fallen  spore  has  therefore  a  short  atalk.  Smaller  basidia, 
which  remain  sterile,  form  the  paraphyssB  (p).— So  far  the  Toad- 
stools and  Mushrooms 
agree  with  the  above- 
described  Bttsmla.  In 
Rtvmda,  however,  be- 
tween basidia  and 
pai  aphyaea  occur  also 
individual  cyfltidia(c), 
stmctures  of  the  aize 
of  the  basidia,  which 
project  a  little  with 
their  pointed  ends 
above  the  hymenial 
surface,  with  their 
naiTowing  base  pene- 
trate to  the  snb-hy- 
menial  tissue,  and 
show  themselves  to 
be  direct  branches  of 
the  median  elements 
of  the  trama.  All 
the  elements  in  ques- 
tion are  bounded  at 
their  base  by  parti- 
tion-walls ;  they  con- 
tain finely  granular 
protoplasm,  and  not 
infrequently  individ-. 
nal  oil- drops. 

The  accompanying 
Fig.  91  •  will  further 
elucidate  the  struo- 
ture  of  the  Baaidio- 
mycetes.  It  is  taken 
from  the  common 
I  cystids,  and  each 
The 


[Fj9.  ai\—At<tTimt  mmpeilrii.  A, 
of  the  pileuB  {h),  showing  ilie  lamell 
section  oF  a  luuells  more  highlj-  a 
bymenEiim  i  t,  tha  central  tiuue,  or  tn 
hymenial  layer.  C,  »  portion  of  tbe 
mifled  (X 


jsphynei 


',  ihe  cooidin  have   fallen  otT. 


Mushroom,  Agaricut   catnpestris.     There  i 

basidium  produces  only  two,  instead  of  four,  basidiospoi 
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Mnshivom  offers,  moreover,  the  advantage  of  being  obtainable 
fresh  all  the  year  ronad. 

In  order  to   investigate   the    strnctnre    of  the    hymeniani    of 
a  highly- developed  form  of   the  Ascomycetea,  we-  will  take  the 
Morell,  Morckella  esculenta.      Even  dried  epecimene  can  here,  after 
softening,  be  employed  for  the  investigation.     Fresh  are  natnrally 
to  be  preferred.   The  well-known   edible    Morell  has  an  irregularly 
ovate,  stalked  fmctiScation,  which  in  its  interior  conceals  a  simple 
hollow,  and  whose  npper  swollen  part  has  deep  folds.     The  areas 
or  chambers     between    the    ridges   or  folds     are   clothed   with 
hymenial  tisane,  while  these  are  not  developed  upon  the  projecting 
exposed  ribs  or  folds.     Suitable  sec- 
tions are  very  easy  to  obtain,  and 
they  must  be  taken  perpendicularly 
to  the  surface   of   a  chamber.      The 
hymenium  consists  of  approximately 
parallel  spore-sacs  (asci)  and  para- 
pbTSei  (Fi^.  92).     The  saes,  or  asci 
(a)  are  almost  cylindrical,  and  con- 
tain   in    their    upper    part     eight 
ellipsoid,   nnicellnlar  spores,    aaco- 
spores,    crowded  together.     Besides 
the  spores,  there  is  also  present  in 
the  asci  the,  in  part,  strongly  refrac- 
tive epiplaam.     The  paraphyses  (p) 
are  brownish,  septate  threads,  some- 
what swollen   above.     The   npper- 
most  cell  is  especially  long.     They 
do  not  attain  the  length  of  the  asci.        i""-  m— PortJ™  "f  'h^  tjmaninm 

Asci  and   paraphyses    arise   as   ends       pmraph^wi ;  >h,  ■nb-b^meaUa  titsue 

of  hyphsB  of  the  densely- interwoven,      '"  '*"*■ 

flatly-entended,  sub-hymenial  tissue.  This  arises  from  the  more 
loosely-conatmcted  inner  byphal  texture  of  the  fructification. 
Addition  of  potassium- iodide -iodine  colours  the  masses  of  epi- 
plasma  in  the  asci  reddish-brown.  This  reaction  is  characteristic 
of  epiplasma,  and  has  been  recently  pointed  out  as  a  reaction  for 
glycogen.*  The  characteristic  peculiarity  of  this  reaction  is  shown 
upon  warming.  To  the  preparation  lying  in  water,  and  stained  by 
the  addition  of  potassium -iodide -iodine,  some  water  is  added,  yet 
not  BO  much  as  to  decolorize  it ;  then  it  is  carefully  warmed,  with- 
out attaining  the  boiling  point,  and  held  aver  white  paper,  in 


d.,  Google 


270  REPRODUCTION  OT  LICBEKS. 

order  to  see  it  the  colour  haa  become  paler.     If  this  happens,  the 

preparation  is  then  rapidly  cooled,  and  the  darker  coloration,  iu 
large  preparations  even  visible  with  the  naked  eye,  again  appears.^ 
With  the  aid  of  potassium-iodide-iodine,  the  base  of  many  asci 
can  be  traced  pretty  deeply  into  the  a nb-hy menial  tissue.  The 
contents  of  the  spores,  paraphyses,  snb-hymenial  tissue,  and  of  the 
tissue  in  the  int«rior  of  the  fructification  colonrs  simultaneously 
yellow  or  jellowiah-browa. 

The  fungus  appertaininjf  t«  the  thallus  of  Lichens  belongs,  with 
few  exceptions,  to  the  Ascomycetes.  Tho  Anaptychia  cittarts, 
already  known  to  us,  fructifies  very  freely.  The  apothflcia  are 
bowl-shaped,  with  a  frame  developed  from  the  thallus.  This  con- 
tracts under  the  apothecium  lite  a  stalk.  A  cross-section  through 
this  stalk  shows  radial  structure,  with  a  aniformly  thick  cortical 
layer,  and  following  this  a  homogeneous  gouidi&l  layer  in  its  entire 
circuit.  The  interior  of  the  stalk  is  occupied  by  a  medulla,  or 
"  pith,"  formed  of  a  looser  hyphal  texture.  We  further  prepare . 
median  longitudinal  sections  through  the  apothecium.  This  shows 
uB  the  frame  formed  of  the  tissue  of  the  thallus.  The  gonidial 
layer  extends  to  its  rim,  which  grows  oat  in  places  into  ciliary 
outgrowths.  The  apothecial  stalk  bas  expanded  into  a  bowl-like 
form,  in  order  to  admit  the  hymeninm,  which  arises  from  the 
medullary  tissue.  The  hymeninm  ia  recognisable  by  its  somewhat 
brownish  colour.  It  consists  of  very  numerous,  long,  exceedingly 
narrow,  septate  threads,  the  paraphyses ;  between  these,  far  less 
numerous,  stand  the  club-shaped  sacs,  the  asci.  These  latter  are 
always  of  different  ages  ;  the  ripe  ones  contain  eight  brown-walled 
spores,  ascospores.  These  spores  are  ellipsoid,  two-celled,  a  little 
constricted  at  the  boundary  of  the  two  cells.  Paraphyses  and 
asci  arise  from  a  like -coloured,  felted,  horizontally  expanded  layer 
of  little  thickness,  which  is  distinguished  as  the  sab-hymenial 
layer.  This  originates  iroia  the  medullary  tissue  of  the  stalk, 
from  which  it  is  cut  ofE  by  its  brown  colour  and  the  want  of  air- 
containing  spaces.  While,  as  we  have  seen,  the  hyphse  of  tho 
thallus  itself  ai'e  not  coloured  blue  even  by  chlorzino  iodine,  those 
of  the  hymeuial  tissue  take  a  dark-blue  coloration,  even  with  the 
addition  of  a  little  potassium-iodide-iodine.  The  walls  of  the 
hymenial  elements  are  formed  of  a  special  modification  of  cellulose, 
which  has  been  distinguished  as  star ch- cellulose. — If  we  examine 
the  thallus  of  Anaptyohia  ciliar's  with  the  lens,  we  shall  notice  in 
individual  spots  npon  it  wart-shaped  prominences,  standing  singly 
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or  in  groupa.     It  in  sncli  places  delicate  cross -aections  are  taken 
in  considerable  numbers,  we  shall  probably  cut  through  such  a 
swelling  (Fig.  93).     It  appears  then  as  an  ovate  structure,  sunk 
in  the  thallus,  and  opening  outwardly  with  a  pore,  and  is  now 
known  as  a  sperDiogonium.*     It  occapies  almost  the  entire  depth 
of  the  thalluH,  is  laterally  surrounded  by  the  gotiidial  layer,  and 
in  the  interior  shows  itself  to  be  constructed  of  delicate,  shortly 
segmented,  approximately  radially-arranged  threads,  singly  or  in. 
bundles, — the  sterigmata 
(comparo    the    Figure). 
The    long    axis    of    the 
organ  is  traversed  by  a 
cylindrical  cavity,  which 
receives     the      rod -like      g 
Bpermatia,    which     are 
segmented  off  from  the 
ends   of   the  sterigmata. 
Through  the  upper  open- 
ing of  the  spermogone, 
the   spermatift  can  pass 

into  the  exterior.  In  the  Fio.  93.— Crow-secUon  thronuli  the  thaiios  ot  Jitoy- 
CoUemace®    [gelatinous  """" 

lichens]  the  function  of  the  spermatia  as  male  sexual  organs  has 
been  determined" ;  in  other  lichens  their  signiiicanoe  ia  as  yet 
unknown. 


NOTES  TO  CHAPTEK  XXIV. 

'  CompBTe  de  Bary,  ilonatiber.  d.  k.  Aknd.  d.  IHti.  in  Berlin,  tor  the  year 
18S6,  p.  15.  Eny,  llot.  Ifixttdtafetn,  text  p.  68.  Fraak,  Die  KrankheiUa  der 
Ffiamm,  p.  454. 

=  De  Bary,  as  above,  for  the  year  1866,  p.  206. 

'  Compare  de  Bar;,  MoTph.  uad  Pluju.  d-r  PiUe,  p.  113 ;  Ooebel,  Gniiidillge 
der  PJUiaxta-moTphologie,  p.  143.    In  both  the  otber  Uteratuie  is  qitoted. 

*  Leo  Errera,  L'ipipliume  det  Aieomi/citei,  1892.  The  literature  of  epiplaem 
h  here  given. 

•  Leo  Errera,  l.c.,  p.  45. 

'  E.  Slab],  lieitrS-ge  zur  Entwicklimgigeiehichle  der  FUclatn,  Hett.  I.,  1877. 


•  As  Antptuchia  ciliarlt  maj  not  be  at  the  disposal  of  the  student,  any  one 
ot  the  tollowing  lichens  will  serve  to  show  epermogones :  Parmelia  (Phyicia) 
parUiiaa,  Venraearia  itilida,  CoiUma  metmnum,  ot  Cladonia  raaji/erina.     [Ed.] 
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CHAPTER  XXV. 

THE  KEPRODUCTION   OP  MOSSES  AND  LIVERWORTS. 

Mateki&l  Waste  b. 

Sfarehanlia  pnhjmorpha  {Liverwort),  with  male  and  female  receptacles. 

Preferably  fresh.     May  be  kept  in  alcohol. 
Male  "flowers"  of  a  Hoaa, e.g.,  Mitiiim  horn-am,  or Polytrirhjifn.   Fresh, 

or  in  alcohol.     (Jfnium  horHuni  is  very  common  ia  woodn  and  on 

shad  J  banks.) 
Female  "  flowers  "  of  the  same.    Fresh,  or  in  alcohol. 

(Both  of  these  gathered  in  April,  May,  or  Jn:ie 
Spore-capsnles  ef  the  same.     Fresh,  or  in  alcohol. 

ATrONGsT  Liverworts,  Marchantia  polymorpha,  already  known  to 
Qs,  rapidly  multiplies  Tentatively  by  its  gemma.  These  are 
common  amongst  liverworts  in  general,  and  are  here  met  with 
in  especially  beautiful  form.  The  gemmse  of  Marchantia  arise 
apon  the  dorsal  [npper]  surface  of  the  thallns  in  cnp-ahaped 
receptacles  cr  cnpules.  [See  Fig.  93*,  £.]  The  cups  have  & 
beautifully  toothed  rim,  and  at  their  bottom  the  bright  green 
geni!3»  are  visible.  A  median  longitudinal  section  through  the 
■]npnie,  parallel  to  the  long  axis  of  the  shoot  which  bears  it,  shows 
that  the  cup  ia  at  first  slightly  narrowed  upwards,  and  then  some- 
what suddenly  expands  into  the  broad  rim.  The  tisane  which 
forms  the  air-chambers  passes  into  the  exterior  of  the  cnp,  to 
rtbove  the  point  where  its  outward  broadening  begins'.  The 
bottom  of  the  cup  is  occupied  by  unicellular  clnb-shaped  papilla, 
the  membrane  of  which  swells  into  mucus.  Between  these  papille 
are  also  found  individuals  which  are  two-celled ' ;  and  some  also, 
the  upper  cell  of  which  has  beea  further  cross -septate.  The  lowei' 
cell  remains  simple,  and  forms  the  pedicel  (or  stalk)  ;  the  off- 
spring of  the  npper  cell  soon  divide  longitudinally,  and  the  fitruc- 
ture  becomes  constantly  more  multicellular,  enlaj'ges  considerably 
by  surface  expansion,  and  becomes  several  cells  thick  in  the  middle. 
Others  will  be  found  which  have  attained  their  ultimate  biacnit- 
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like  [bi-convex]  condition  as  fully  developed  gemmn.  The  uni- 
cellular pedicel  can  easily  bo  broken  through.  The  separation  of 
the  gemmffi,  and  their  ejection  from  the  cups,  resnlte  from  the 
a trongly-8 welling  macus,  which  is  developed  from  the  nnicellnlar 
clnb-like-  papillee  at  the  bottom  of  the  cup.  Each  of  the  two 
lateral  ii^entations  of  the  gemma  oonoeala  a  growing  point,  pro- 
tected by  short  papillae.  The  cells  of  the  gemma  are  rich  in 
chlorophyll,  but  on  both  sides  largo  cells,  devoid  of  chlorophyll, 
occur,  which  teep  near  the  middle,  but  otherwise  are  irregularly 
scattered.  At  the  edge,  individual  cells  contain  oil-bodies.  After 
the  diaaemination  of  the  gemmse,  the  large  cells,  devoid  of  chloro- 
phyll, develop  in  one  or  two  days  into  hair-roots  [rhizoida],  in  all 
cases  on  the  shaded  side  of  the  gemma  only,  hence  becoming  the 
ventral  side,  while  the  side  exposed  to  the  light  forma  morpho- 
logically the  upper    or  dorsal    side.* 


[Fia.  W.— J,  pociion  of  a  Uialliu  or  Hardumtfa  fclttmcrrlia  (f;,  -Bitli  tha  nprighl  male 
receplacle  (li«),  lieahuE  aatheridift.  S,  porCion  ot  a,  tliallua  xith  a,  receplacle  CDntainioK 
gemmn ;  n  n.  grotiing  poinU  ot  tbe  iwo  branohea  oC  Cbs  Challiu.  {Fiom  Pnna,  after  Gacbe.)) 

The  sexoal  organs  of  the  March antiacote  are  sitnated  upon 
special  receptacles,  which  we  will  examine  dn  Marchantia  poly- 
■moiyha.^  Kale  and  female  receptacles  are  readily  distinguishable; 
the  former  shield-shaped,  with  scolloped  outline  (Fig.  93*,  A),  the 
latter  radiating  like  bare  umbrella  ribs.  The  two  seses  are  situated 
upon  different  plants  [the  plants  are  dioecions]  ;  the  receptacles 
and  their  stalks  are  metamorphosed  branches  of  tho  thallus.  We 
prepare  between  elder-pith  delicate  longitudinal  sections  through 
the  male  receptacle,  and  can  demonstrate  that  its  upper  side  has 
exactly  the  same  structure  as  the  doraal  sui-face  of  the  thallus, 
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and  that  in  the  same  way  the  under  side  resembles  the  ventral 
HTirface  of  the  thallns,  and  bears  rhizoidi  and  scales.  On  the 
upper  side,  however,  sunk  in  special  cavities,  are  the  antheridia 
(Fig.  94,  A).  On  satisfactory  sections  we  can  determine  that  in 
each  cavity  is  found  only  one  antheridiam,  besides  some  short, 
unicellular  parapbyses  (p)  ;  the  cavity  closes  together  above  the 
antheridinm  into  a  narrow  canal.  The  antheridium  is  a  shortly 
stalked,  oval  body,  with  a  nnilamellar  chlorophyll-containing  wall. 
The  special  mother-cells  of  the  spermatozoids  [antherozoids]  have 
been  produced  by  snccessive  diviaiona  at  right  angles,  and  even 
in  the  almost  ripe  antheridium  still  fozTn  reotilineally -arranged 
cross  and  longitudinal  rows  (compare  the  Figure).  Shortly  before 
the  ripening  of  the  antheridium,  the  special  mother-cells,  rounding 


ofl,    pass     ont     of 

/  1 

union,  the  wall  of 

the  antheridium 
tears   at    its  apex. 

and     the    small, 

round  cells  are 
evacuated.  If  a 
drop   of    water    is 

placed     upon    a 

^^y""""^ 

fully- developed  re- 

0/ 

ceptacle,  the  water 

is  seen  rapidly  to 

spread   over   its 

whole  surface,  and 

ria.Dt-Ma 

cJwBlHiliolBmorpU.    AuiiHinoat ripo author- 

oias  [anthero 

oldB],  Qied  wilh  1  p«r  cent,  ■uperojmic  acid 

If    this    water    is 

now  examined  with 
a  high  power,  we  can  see  in  it  innumerable  evacuated  spermato- 
zoidal  cells.  They  remain  at  rest  only  a  short  time,  when  the 
cell-membrane  swells.  Finally  it  is  torn  through,  and  the  sper- 
matozoid  escapes  into  the  surrounding  water.  The  spermatozoids 
are  comparatively  very  small,  have  a  thread-like  body  and  two 
long  cilia;  to  the  posterior  end  clings  a  bladder,  which  13  lost 
during  the  swarming.  In  order  to  see  them  clearly,  we  ran  into 
the  preparation  a  drop  of  I  per  cent,  osmic  acid,  and  as  they  are 
fixed  beautifully  by  the  reajrent,  we  can  now  study  them,  con- 
veniently. (Fig.  94,  B.)  We  can  effect  the  same  purpose  by  the 
addition  of  a  trace  of  potassium-iodi de-iodine  solution." 
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The  female  leeeptade  forma,  like  the  male,  a  radiallj-apreadm^ 
inflorescence,  and  in  g'eneral  there  are  nine  rays,  and.  between  these 
are  ei^ht  rows  of  aTChegonia  on  the  under  side  of  the  receptacle. 
The  distinction  from,  the  male  receptacles  is  striking,  in  that  hei* 
the  seznal  organs  stand  npon  the  nnder  side ;  bat  this  phenomenon 
is  connected  with  an  earlj  displacement  oE  the  growing  point  to- 
wards the  under  side  of  the  receptacle.  Under  the  simple  micro- 
scope we  can  demonstrate  that  each  row  of  archegonia,  lying 
between  two  rays,  is  enclosed  in  a  common,  veil-like  covering, 
fringed  at  its  edges.  We  prepare,  between  thumb  and  forefinger, 
delicate  longitudinal  sections  through  a  comparatively  young 
receptacle,  and  upon  some  of  these  sections  find,  withont  difficnlty, 
the  female  sexual  organs,  the  atcliegoiiia.  The  oldest  lie  nearest 
the  edge,  the  younger  progressively  nearer  the  stalk.  The  first 
ripening  archegonia  show  alongside  the  edge  of  the  disk  with  their 
neck  cnrved  outwards,  the  succeeding  ones  hang  straight  down- 
wards. In  an  approximately  ripe-  archegonium  (Fig.  95,  A)  we 
can  distinguish  a  short  ntalk,  a  ventral  portion,  the  body,  and  a 
neck.  The  wall  of  the  body,  as  of  the  stalk,  is  unilamellar.  The 
ceiLtral-cell  of  the  body  is  filled  hj  the  egg-cell,  or  oosphere, 
and  the  ventral  canal-cell  (fc")  cut  off  from  it  shortly  before 
ripening.  In  the  egg-cell,  the  nucleus  is  readily  visible.  The 
neck  is  traversed  by  the  neck-canal,  which  ia  composed  of  a  eeriea 
of  neck  canal-cells,  the  walls  between  which  are  dissolved,  and  the 
disorganized  contents  of  the  four  neck  canal-cella  are  thua  fused 
into  a  connected  string.  Between  the  archegonia,  nnmerona  small, 
leaf-like  scales  of  the  receptacle  can  be  seen  to  arise.  In  many 
preparations  we  have  in  view  the  unilamellar  veil-like  covering, 
fringed  at  its  edges,  which  protects  the  entire  row  of  archegonia. 
Numerous  cells  of  this  contain  oil -bodies. 

It  is  comparatively  easy  to  see  the  opening  of  the  archegonium 
directly  under  the  microscope.  We  take  quietly  longitudinal 
sections  through  a  female  inflorescence;  which  has  not  yet  raised 
itself,  or  only  a  little,  upon  its  stalk,  lay  it  dry  under  a  cover- 
glass,  and  examine  it  under  the  microscope.  When  we  appear  to 
have  found  a  ripe  archegonium,  and  while  still  observing,  we  place 
a  drop  of  water  at  the  edge  of  the  cover-glass.  After  the  entrance 
of  this,  the  archegonium  opens  almost  immediately.  The  cause  of 
the  opening  lies  in  the  strong  swelling  of  the  conteute  of  the  neck- 
canal.  The  neck-cells  separate  from  one  another  at  the  apex  of 
the  neck.     The  contents  of  the  neck  canal-cells  pass  out,  then 
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the  contents  of  the  ventral  canal-cell  follow.     The  homogeneoas 
portion  of  these  contents  is  formed  of  a  strongly- swelling  slime, 
which  diffuBea  in  the  Barronnding  water;  the  granular  contents 
remain  in  the  swrronnding  water,  where  they  are  slowly  disoi^n- 
ized.     Immediately  after  the  ejection  of  the  ventral  canal-cell,  the 
egg-cell  in  the  central  part  of  the  body  rounds  off  (Fig.  95,  B). 
At  its  anterior  margin,  i.e.,  that  in  apposition  to  the  canal,     a 
cleHj:er  spot,  the  receptive-ipot,  ia  ofteit,  tbongh  not  always,  to 
be  disting dished. 
Moreover,    tlie 
penetration  of  the 
Gpermatozoids  in- 
to the  neck-canal 
can  in  this  plant 
be    easily    ob- 
■Eorved.     For  this 
purpose,    instead 
of  pnre  water,  we 
add   to   the  pre- 
paration   a   drop 
which    has    pre- 
viously lain  on  a 
male     receptacle. 
The   spermato- 
zoids  quickly  col- 
'lect  in  the  slime 
«ipelled  from  an 
archegonium ;  we 
«ee  them  ent«r  the 
neck,  where  they 
.„„,„,..,_,       ,   „  .      become  invisible. 

v.a    an  —MarcTufttja  jwlymoriiAa,     A,  Joans;   ^>  opened 

;  C,  fertilized  ucbe^aniain  alter  the  cnmrnence-       A      Substance      iS 

the  archegonium, 
wliich  a«ta  as  a  chemical  stimulas,  and  determines  their  direction  of 
movement.  Thus  they  get  into  the  slime  given  off  from  the  arche- 
gonium, in  which  they  slowly  move  in  the  direction  of  the  opening 
of  the  neck.  It  is  interesting  to  prove  that  in  an  unfertilized  arche- 
gonium the  neck  does  not  close,  and  under  such  conditions  the 
archegonium  slowly  decomposes.  If,  on  the  other  hand,  water, 
containing  spermatozoids  is  added  to  the  preparation,  and  the 


5)1)  0,  egg  [-cell]  i  pr,  p 
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egg-cell  becomes  fertilized,  the  neck  closes,  even  after  a  few 
hours,  by  means  of  a  contraction  proceeding  from  above  down- 
wards. Keep  tbe  preparation,  and  after  twenty-four  boors  the 
presence  of  a  cellulose  membrane  around  the  fertilized  e^ 
[oospore]  is  easy  to  recognise.  In  the  course  of  the  nest  few 
days  tbe  thickness  of  this  cellulose  wall  still  increases. 

The  fertilized  archegonia,  which  we  may  meet  with  upon  the 
longitudinal  section,  show  a  shrivelled  and  brown  neck,  while  the 
egg  [oospore]  has  divided  (Fig.  96,  0).  Around  the  base  of  the 
archegOQiam,  from  its  foot,  a  cup-shaped  sheath,  the  so-called 
periantlliniii  {pr)  begins  to  develop.  This  soon  encloses  tbe  entire 
swollen  archegoninm.  Upon  longitudinal  sections  of  receptacles, 
which  have  already  spread  out  their  radiating  ribs,  we  see  the 
bright  green,  swollen  archegonia,  with  base  broadened  to  corre- 
spond, sitoflted  upon  the  surface  of  the  receptacle,  and  decorated 
at  the  apex  by  the  remnant  of  the  neck. — From  the  fertilized  egg 
gradually  proceeds  the  sporogonliuii,  which  we  ultimately  see  in 
longitudinal  sections,  prepared  from  still  older  receptacles.  The 
aporogone  consists  in  a  shortly-stalked,  oval,  yellowish-green 
capsule.  The  wall  of  this  capsule  is  unilamellar;  if  we  spread 
it  out  with  needles,  and  examine  it  with  stronger  mt^^ification, 
the  characteristic  thickening  rings  in  the  otherwise  thin-walled 
cells  will  appear.  The  yellow-walled  spores  are  finely  pitted. 
Between  them  lie  narrow,  long  cells,  tapering  at  both  ends,  and 
distinguished  each  by  two  brown  spiral  bands  on  its  wall ;  these  are 
the  elatera.  The  interior  of  tbe  capsalo  is  filled  exclusively  with 
spores  and  elaters.  In  capsules  already  opened  (dehisced),  we 
can  see  that  this  opening  takes  place  by  means  of  a  number  of 
i-ecurved  teeth.  The  elaters  are  strongly  hygroscopic,  bend  to 
and  fro  with  changes  in  raoistnre  of  the  atmosphere,  and  so  assist 
the  dissemination  of  tbe  spores. — The  sexual  organs  are  not  raised 
upon  special  receptacles  in  all  the  Marchantiaceae,  and  in  other 
Liverworts  this  appearance  is  altogether  wanting.  On  the  other 
hand,  tbe  stalk  of  the  sporogonium  in  many  cases  elongates  con- 
siderably, and  carries  up  the  capsule  with  the  spores,  which 
assists  the  dissemination  of  the  spores. 

The  antheridia  of  the  leaf-bearing  Mosses  are  best  examined  in 
a  genus  which  has  striking  male  "  flowers."  We  choose  a  repre- 
sentative of  the  genus  Mnium,  to  wit  tbe  widely- distributed  Mniunt 
homtim,  which  in  May  and  June  "flowers"  very  freely,  wid 
bears  female  "  flowers  "  and  sporogonia  at  tbe  same  time.     The 
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tnale  flowers  are,  it  U  trae,  mach  more  striking  liian  the  female, 

and  it  is  oftea  necessary  to  search  longer  for  these  latter.  The 
male  flowers  are  dark-green,  disk-shaped,  surrounded  hy  a  rosette 
of  leaves,  the  so-called  pericbntiani  or  perigoninm.  Towards  the 
interior  of  the  flower  these  leaves  decrease  rapidlj  in  size.  lu 
the  axils  of  the  outer,  bat  chiefly,  however,  of  the  inner,  pericheetial 
leaves,  stand  nnmerous  antberidia,  and  paTaphjaeB,  which,  more> 
over,  spread  over  the  entire  apex  of  the  axis.  This  is  easily  shown 
by  median  longitudinal  sections  oi  the  flower,  which  are  best  pre- 
pared between  the  fingers,  turning  the  apex  downwards  in  cutting. 
On  these  longitadinAl  sections  we  see  that  the  flower- axis  broadens, 
after  the  fashion  of  a  floral  receptacle,  at  the  place  of  insertion 
of  the  sexual  organs,  and  in  the  middle  is  even  a  little  hollowed. 
The  central  conducting  bundle,  peculiar  to  species  of  Mniu-m,  has 
undergone  a  corresponding  broadening,  and  ends  in  a  chlorophyll- 
containing  tissue,  which  spreads  out  under  the  receptacle.  The 
antheridia  and  the  3>araphy3e3  are  at  once  recognised  as  such, 
and  their  structure  easy  to  understand  [see  Fig.  95a].  The 
antheridia  are  club-shaped,  shortly  stalked  bodies,  somewhat 
tapering  at  both  ends.  The  cells  of  their  wail  contain  numerous 
chlorophyll- grains.  Where  the  longitudinal  section  has  opened 
an  antheridium,  we  see  that  its  wall  is  composed  of  a  single  layer 
of  cells.  The  contents  of  the  anthoridium  consist  of  small, 
colourless  cells,  the  partitioa  walls  of  which  in  young  stages  of 
development  clearly  show  rectangular  arrangement.  The  ex- 
truded contents  of  old^^  antheridia  opened  by  the  section  prove 
to  be  composed  of  rounded  cells,  still  "  glued "  together,  the 
mother-cells  of  the  spermatozoids,  in  which  the  thread-like  body 
of  the  spermatozoid  is  already  often  recognisable.  The  chlorophyll- 
grains  at  the  apes  of  ripening  antheridia  assume  a  somewhat 
brownish  tone.  Emptied  antheridia  are  open  at  their  apex.  The 
paraphyses  are  simple  cell-rows,  the  ceils  of  which  gradually 
enlarge  upwards,  when  they  are,  however,  at  least  the  uppermost, 
again  tapering  ;  hence  the  uppermost  cell  is  always  pointed.  The 
walls  of  the  cells  are  often  browned  in  the  lower  part  of,  and  not 
infrequently  even  higher  up  upon,  the  paraphyses  ;  they  contain 
chlorophyll.  Cross -sections  through  the  lower  part  of  the  flower 
show  in  an  instructive  manner  the  distribution  of  the  antheridia, 
their  relations  with  the  perichtetial  leaves  and  the  paraphyses, 
and  also  provide  us  with  numerous  cross- section 9  through  the 
antheridia. 
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Still  more  striking  than  the  male  flowers  of  Mnitim  are  the 
red-colonred  ones  of  species  of  Polytrickum,  likewise  found  in  May 
and   Jnne.       For  examination  we  choose  Polytrichum.  juniperiiMin. 
The  onter  leaves  forming  the  perichtetinm,  beyond  their  colour, 
differ  from  the  ordinary  leaves   also,  in  that  their  unilamellar 
sheathing  portion  is  continned  np  to  the  apex  of  the  leaf.     The 
green  lamellae,*  charaeteristic  of  the  genna  Polytrickum,  are  fonnd 
only  towards  the  end  or  apical  portion  of  the  leaf,  and  almost  always 
confined  only  to  the  midrib.     On  the  rapid ly-det re asing  reddish- 
brown  perichoetial  leaves,  near  the  interior 
of   the    flower,  the  green  lamellte  are   de- 
veloped  only  on  the  onter  most,  sharply  ont- 
ward-bent  points.     The  leaf  "thns  appears 
ultimately   reduced   almost   to  its  sheath- 
portion  alone.     The  antheridia  and  para- 
physes  stand  in  the  axils  of  the  perichaetial 
leaves.     The  middle  of  the  flower  is,  how- 
ever,   occupied  by  a  vegetative   bnd,  into 
\vhich   the   central   string  of   the    stem  is 
continued.     Thence  comea  the  later  growth 
through   the   male   flowers    [proliferation], 
which    ia    normal   for  Polytrickum.      The 
antheridia  have  the  same  structure  as  in 
Mnitim.     The  paraphyses,  forming  in  their 
lower  part  a  long  cell-row,  usually  broaden 
at  their  tip  into  a  spathulate  unilamellar 
cell-Burface,     If  a  male  flower  of  Polytri- 
ckuin   is  squeezed  somewhat  between   the 
fingers,    the    contents    of     the    antheridia 

come  out  as  a  milky  slime,  clearly  visible        [Fio.ssi,— iHiiiarfaitijm- 
against  the  reddish  ground.  burHting;  tiie  body  o(  iiia 

The  form  of  the  antheridium  of  Mosses  8n«ierni"ini  bIiowb  iu  wuH 
varies  very  little,  and  the  accompanying  phjii-gi-aiiu:  a,  ths  anther. 
Fig.  954  of  that  of  a  moss  especially  com-  ^!'**BXT^j^iofJ', 
mon  upon  shaded  cinder-paths  and  other  mnre  etrongi;  amgnitieii ; 
places  where  the  sabstratam  has  been  burnt,     ''' '"  ^'^ 


*  The  leaves  ol  Fnlijlrieham,  tbongh  really  Dnilomellar,  Ilka  those  of  otiier 
moseeB.  ate  cendered  opaque  by  being  mora  ur  leas  covered  b;  vertical  green 
scales,  or  lameUie,  produced  upon  their  upper  aide,  la  F.juntperinum,  each  foliage 
leaf  shons  about  forty-eight  such  lumelia,  luoiiiiig,  bb  qbuhI,  loDgitudiDitll;, 
and  fram  4  to  G  oella  lon^.  [Ed.] 
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OS  well  aB  on  old  walls,  vix.  Fimaria  hygronwirica,  will  serve  to 
illustrate  it. 

The  female  flowers  of  Mnium  homwm,  however,  are  throDghoat 
not  BO  visible  as  the  male,  aad  it  is  often  necessary  to  seek  for 
tli«m  longer.  The  plants  bearing  them  are  far  shorter  than  the 
male,  and  somewhat  darker  in  foli^e.  The  upper  leaves  close  to- 
gether, after  the  fashion  of  a  bud,  in  order  to  protect  the  female 
sexual  oi^ans,  the  archegonia..  As  is  shown  by  median  longi- 
tndinal  sections,  the  apex  of  the  flowering  axis  is  not  broadened  to 
any  extent,  bat  greatly  blunted,  and  from  this  we  can  at  once 
assume  that  we  have  to  do  with  a  female  flower,  even  if  we  do 
not  happen  at  once  to  find  the  arcbegonia.  The  central  coa< 
dncting  bundle  of  the  stem  is  somewhat  swollen  under  the  recep- 
tacle, and  euds,  just  as  under  the  male  flower,  in  a  chlorophyll- 
containing  tissue.  The  modified  leaves  which  form  the  female 
perigymnm  (equivalent  to  male  perichsetium,  or,  if  sarrounding 
heimapbrodite  flowers,  the  perigamium),  while  remaining  leaf-like, 
deci-eaae  in  size  towards  the  middle  of  the  flower  ;  the  apex  of  the 
flower  is  occupied  by  only  a  few  archegonia,  so  that  it  is  necessary 
to  take  gtrictly  median  sections  in  order  to  disclose  the  archegonia. 
The  archegonia  are  constructed  essentially  like  those  of  the  Liver- 
worts [see  Fig.  95b],  but  the  foot-portion  is  far  more  strongly 
developed,  only  tapering  a  little  downwards,  and  forms  the  greater 
part  of  the  lower  half  of  the  arcbegonium.  On  these  grounds  the 
egg-cell,  or  oosphere,  appears  comparatively  small.  We  must 
look  for  it  close  under  the  commencement  of  the  neck,  which  here 
appears  only  a  little  narrower  than  the  ventral  portion.  The 
chloi'ophyll  contents  of  the  cells  make  the  arcbegonium  anything 
but  transparent,  and  hence  the  oosphere  and  the  canal-cells  of  the 
neck  usually  need  addition  of  potash  to  make  them  visible.  In 
the  axils  of  the  perigynial  leaves  stand  nnmerous  paxaphyses. 
Each  consiBts  of  a  row  of  short  cells,  swelling  somewhat  upwards. 
The  lowermost  cells  of  these  paraphyses  have  often  become  brown. 

To  illustrate  the  general  structure  of  the  arcbegoniam  of  the 
mosses,  I  here  introduce  Fig.  95b,  showing  its  form  and  relations 
with  the  perich^tiam  in  Funaria  hygrometrica. 

Fertilization  in  the  Mosses  takes  place  in  all  essentials  as 
in  the  Liverworts,  already  described.  The  sporogouinm,  the 
so-called  "moss-fruit,"  the  study  of  which  we  will  carry  on  upon 
the  same  Mnium,  homum,  consists  of  stalk  or  seta,  and  capsule. 
The  base  of  the  seta  is  sunk  in  the  tissue  of  the  mother-plant. 
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Tbe  result  of  fertilizatioD  is  here,  therefore,  somewhat  different 
to  that  in  the  Liverworts,  and  needs  a  few  words  of  explanation, 
further  illustrated  by  Fig. '  95c.  After  fertiliEation,  the  oospore 
develops  into  an  embryo,  an  early  stage  of  which  is  shown  in  Fig. 
95c,  A.    This  embryo  develops  in  length  both  upwards  and  down- 


l.V«r«n«triJ«.     A. 

ogoninm  («  MO)! 
11,0   ooiphore,    h, 

nning  to  bo  con. 
C.  tho  part  near 
k   of  a  fertiTiied 
ark-rod  Bell-xallB. 

[Fis.  Xc.—A,  origin  at  the   Bporogoninra 
(ff)  In  the  yenlral  portion,  (b  i>)  ot  lh«  atol.0- 
goninm.  Been  in  lijnptadinal  BBcUon  {X  BOO). 
B,  C,  different  further  Bt^eaof  devolopment 
of  the  fporogoniam  (/].  «nd  of  tho  calj-ptm 

(From  PranU.)J 

(From  Pranil,  af  lar  Saeha.)] 

wards  ;  downwards  it  grows  into  a  foot  which,  as  the  base  of  the 
seta,  passes  throagh  the  tissue  of  the  foot  or  stalk  of  the  archego- 
niam,  and  plunges  into  that  of  the  apex  of  the  moss-stem.  (See 
Fig.  95c,  B  and  0).     Upwardly,  the  embryo  developH  into  tlio 
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capsule,  to  be  hereafter  described.     Tbe  seta  remains  for  a  \oag 

time  short.  Accompanying  the  increase  in  length,  and  likewise 
in  thickness,  of  the  yonng  sporogoninm,  the  body  of  the  arche- 
goniom,  which  had  enclosed  the  oosphere,  also  undergoes  further 
development,  keeping  pace  with  the  sporogonium  in  its  growth, 
BO  as  continnonsly  tocorer  it.  Theupper  part  of  the  neck  shrivels, 
as  shown  in  Fig.  Qhc,  B  and  G,  at  the  top.  When,  later  in  the 
development  of  the  aporogoninm,  the  seta  rapidly  elongates,  the 
body  of  the  archegonium,  etc.,  is  raptared  roand  its  base,  and  is 
caiTied  upwards,  covering  the  capanle  as  with  a  cap,^the  calyptra. 
This  calyptra,  proceeding  from  the  enlarged  archegoninm,  which 
covers  the  growing  capsule,  is  in  Mnium  early  cast  off,  so  that  it 
is  usually  difficult  to  find.  It  is  split  up  one  side  to  its  narrowed 
apex,  and  is  composed  of  one,  and  in  part  also  two  layers  of 
elongated  cells.  The  narrowed  apex  ends  in  a  brown  point,  which 
indicates  the  neck  of  the  archegoninm.  At  the  base,  where  it  was 
ruptured  by  the  growing  sporogoue,  it  appears  as  if  cut  off.  The 
apex  of  the  capsale,  denuded  of  its  calyptra,  has  a  cover  or  lid 
[opErcnlnm]  provided  with  a  short  beak.  With  a  needle  it  can 
bo  easily  loosed,  when  the  edge  of  the  capsular  urn,  fringed  with 
its  teeth,  comes  to  view.  The  teeth  form  the  peristome,  the  form 
of  which  is  an  important  feature  in  the  delimitation  of  genera,  as 
it  is  characteristic  in  each  group.  The  upper  part  of  the  seta, 
passing  into  the  capsule,  is  called  the  apophysis.  In  the  present 
case  this  last  is  separated  from  the  capsule  by  a  very  slight  con- 
striction, and  is  distinguished  from  it  by  its  brown  colour.  In 
some  mosses,  the  apophysis  is  far  wider  than  the  capsule. 

In  order  nest  to  learn  the  structure  of  the  peristome,  we  take  a 
cross-section  through  the  capsule,  close  nnder  the  brim  of  the 
nm,  lift  it  np,  and  place  it,  with  the  teeth  tamed  upwards,  upon 
an  object-slide.  We  remove  the  mirror  from  the  microscope,  or 
turn  the  diaphragm  so  that  no  aperture  lies  onder,  and  observe 
the  object  with  direct  light.  In  this  we  need  use  only  a  low 
power.  We  can  decide  that  the  teeth  are  inserted  in  the  inner 
brim,  that  they  are  wedge-shaped,  and  cross  striate,  IE  we 
breathe  lightly  on  the  object  while  still  looking  at  it,  we  shall  see 
the  teeth  curve  together  inwards.  They  are  hygroscopic  ;  in  damp 
weather  they  bend  inwards,  and  so  close  the  open  capsule,  while 
in  dry  weather  they  bend  outwards,  and  i^ain  open  the  capsule. 
We  count  sixteen  teeth  on  the  urn.  We  now  lay  the  sam^  section 
in  D,  drop  of  water,  and,  tearing  it  throngh  on  one  side  avith  the 
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needles,  spread  it  out  flat,  coyer  it  with  a  cover-glass,  and  observe 
it  by  transmitted  liglit,  and  first  from  its  onter  side.  We  then 
notice,  quite  at  the  edge  of  the  nm,  &  double  layer  of  obliqnely- 
arranged  cells,  papillately  prolonged,  pretty  strongly  thickened, 
and  containing  abnndant  chlorophyll- grain  a.  These  cells  have 
colonrlosa  walls,  browned  only  at  their  very  base,  and  there  they 
are  very  easily  disconnected  from  the  edge  of  the  nm,  remaining, 
however,  connected  together.  By  means  of  these  cells,  the  separa- 
tion of  the  opercnlnm  (lid)  ia  effected ;  they  form  the  so-called 
annnlns  at  the  rim  of  the  capsule.  Kow  laying  it  with  the  inner 
side  npwards,  the  preparation  shows  us  that  the  cross-stri»  already 
noticed  on  the  teeth  are  ridges  projecting  from  their  inner  surface. 
Besides  the  onter  peristome  formed  by  the  teeth,  an  inner  one  is 
also  present ;  it  consists  of  the  so-called  cilia.  Mnium  homum  has, 
therefore,  a  double  peristome,  while  there  are  Mosses  with  only 
one,  and  also  without  any  such  peristome.  The  cilia,  like  the 
teeth,  are  here  flat  lamellffl,  which  in  their  lower  part  appear  . 
divided  into  chambers,  and  in  their  npper  part  cross-striate,  by 
slight  projecting  ridges  on  their- inner  surface.  In  the  lower  part 
they  are  fuat^d  together  into  a  continuous  membrane,  which,  between 
each  pair  of  teetli  of  the  outer  peristome,  is  a  little  bulged.  Two 
cilia  stand  between  each  pair  of  teeth,  and  present  themselves 
obliquely  from  the  comer.  Their  edges,  the  outer  in  their  entire 
height,  the  inner  only  in  the  npper  part,  are  fringed  with  small 
serrate  projections.  In  these  the  ooss-ridges  of  the  surface  of  the 
cilia  end.  Through  these  seiTations  the  pair  of  cilia  in  their 
upper  part  are  combined  by  the  outer  edge,  and  finally  the  two 
fuse  into  a  single  narrow,  elongated  apes.  With  these  pairs  of 
cilia  alternate  very  small  ones,  which,  from  three  to  five  in  namber, 
stand  in  front  of  the  teeth  of  the  onter  peristome,  A  delicate 
cross- section,  taken  somewhat  deeper  through  the  capsnle,  shows  iu 
the  interior  of  this  the  column  formed  of  large-celled  tissue,  the 
columella.  Around  this  columella  lies  the  cavity  filled  with 
spores.  The  inner  wall  of  this  is  formed  by  the  columella  itself, 
the  outer  by  a  layer  of  tissue,  nsually  two  cells  thick,  and  contain- 
ing chlorophyll,  which  appears  separated  from  the  wall  of  the 
capsule  by  a  very  loose  chlorophyll-containing  tissue.  The  wall 
of  the  capsnle  consists  of  two  or  three  layers,  and  is  covered  by 
a  sharply-defined  epidermia.  The  cells  of  this  latter  are  more 
strongly  thickened  on  their  outer  walls.  The  spores  contain 
chlorophyll-grainB,  their  wall  is  brownish,  and  studded  with  fine 
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warta ;  in  favourable  casea  a  three-eided  pyi-amidal  tapering  of  one 
Bide  of  th.e  spore  can  be  noticed.  This  tapering'  arises  from,  tbe 
tetrahedral  position  of  the  spores  inside  their  mother-cell;  it  in- 
dicates the  contact  surfaces  of  its  three  Bister-Hpores.*— A  per- 
fectly median  longitadinal  section,  which  we  prepare  from  a 
capaole  which  is  still  green,  and  provided  with  its  lid  [opercnluni] 
bat  is  already  folly  formed,  shows  ns  uppermost  the  lid,  con- 
sisting eiternally  of  one  sheath  of  browner,  strongly-thickened 
cells,  and  internally  of  many  layers  of  thin-walled  cells.  At  the 
limits  between  lid  and  nm  lies  the  doable  layer  of  the  obliquely- 
arranged,  chloi-ophyll- containing  cells,  already  known  to  ns,  by 
which  the  separation  of  the  lid  is  effected.  The  brown  cells, 
which  adjoin  tbe  nrn  below,  are  distingnished  by  their  small 
height.  Similar  cells  adjoin  these  small  ones  towards  the  interior, 
and  form  thus  an  inward  projecting  ledge  of  thickened,  brown 
cells,  on  which  are  set  the  teeth  of  the  outer  peristome.  Abont 
the  thickness  of  a  cell  removed  arise  the  cilia.  As  the  history  of 
their  development  teaches  as,  these  teeth  and  cilia  arise  by  local 
thickening  of  the  opposite  walls  of  one  and  the  same  layer  of  cells 
adjoining  the  inside  of  the  lid.  The  teeth  proceed  from  definite 
portions  of  the  outer  walls,  connected  in  the  ascending  direction ; 
their  cross-ridges  indicate  inner  adjoining  cross-walls,  npoii 
which  the  thickening  has  continued  for  some  little  distance.  The 
cilia  proceed  from  the  thickened  parts  of  the  inner  walls  of  this 
same  layer  of  cells,  and  bear  slight  ridges  at  the  places  of  jnnctioQ 
of  the  next  inner  partition  walls. 

In  our  median  longitudinal  section  the  lid  is  hollow ;  the  inner 
tissue,  after  the  formation  of  the  teeth  and  cilia,  has  shrivelled  np, 
separating  from  the  inner  surface  of  the  cilia,  which  extend  to  the 
top  of  the  lid.  This  tissue  now  forms  on  the  colnmella  only  a 
projecting  conical  knob.  The  colnmella  is  visible  in  its  entire 
length ;  similarly  we  can  survey  tbe  spore-sac,  its  outer  wall,  the 
looser  tissue  lying  between  this  and  tbe  wall  of  the  capsule,  and 
lastly  this  wall.  The  spore-sac,  so  long  as  the  lid  has  not  been 
cast  ofF,  is  closed  above  by  a  thin  layer  of  tissue.  Later  on,  it 
opens  by  the  tearing  of  this  layer.  At  the  base  of  the  capsnle, 
under  the  spore-sac,  an  annnlar  cavity  has  been  formed.  The 
apophysiB,  as  is  now  seen,  is  provided  with  stomata,  for  on  well- 
nigh  every  median  longitudinal  section,  such  will  be  cat.    They  lie 
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below  tlie  level  of  the  epidermis ;  a  pit  Icadu  down  to  each ;  on 
air-chamber  adjoins  it  internally.  It  is  anrronndod  by  chlorophyll, 
containing  tissue,  the  intercellular  spaces  of  which  communicate 
with  the  annular  cavity  under  the  spore-sac,  and  with  the  inter- 
cellnlar  spaces  of  the  eutire  chlorophyll -containing  tissue  separ- 
ating the  wall  of  the  capsule  from  the  spore-sac.  All  the  stomata 
are  cut  in  the  direction  of  their  length,  and  give  figures  which,  so 
far  as  can  here  be  determined,  agree  with  those  of  the  Vascular 
Cryptogams,  and  of  Phanerogams.  This  latter  is  so  much  the 
more  striking  since  the  apophysis  (or,  in  other  caaes,  the  wall  of 
the  capsnle  as  well)  is  the  only  place  in  mosses  where  tme  stomata, 
constt'ucted  after  the  type  of  the  higher  plants,  are  borne. — In 
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order  to  complete  the  impression  we  have  obtained,  let  us  now 
examine  sections  of  the  surface  of  the  capsnle  and  of  the  apophysis. 
We  can  decide  that  on  the  surface  of  the  capsule,  stomata  are 
wanting ;  between  the  brown-waited  cells  of  the  apophysis  we  see, 
however,  pits  which  lead  up  to  the  stomata.  If  we  tnm  the  sec- 
tion over,  and  examine  it  from  the  inner  side,  we  can  in  favourable 
cases  distingnish  the  two  goard-cells  of  the  stomata,  formed  as  in 
higher  plants.  Upon  such  sections  we  can  at  the  same  time  deter- 
mine that  the  green  cells  between  the  wall  of  the  capsule  and  the 
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Rpore-sac  are  joined  together  in  lonfi^tiidinal  direction,  that  they 
are  branched,  and  hare  all  the  aspect  of  algal  thi-eads.  Moreover, 
on  cross- sections  throngh  the  apophysis  stomata  have  nsnally  been 
cat,  the  two  gaard-cells  of  which  are  not  difficidt  to  see.  At  the 
seta,  the  differentiation  of  the  epidermis  ceases ;  its  surface  is  oc- 
cupied by  two  or  three  layers  of  yellow  to  reddish-brown  strongly- 
thickened  cells,  the  cavities  (Inmina)  of  which,  passing  inwardly, 
become  gradually  larger.  In  the  interior  of  the  seta  a  central 
condncting  bundle  is  differentiated.  Median  longitudinal  sections 
taken  near  the  apophysis  show  that  these  relations,  beginning 
close  to  this  region,  are  stamped  apon  the  seta  qnite  gradually.* 

[The  accompanying-  Figures  95d  and  95b  will  serverto  render 
more  easy  the  comprehension  of  the  foregoing  description  of  the 
stmctare  of  the  capsule  in  the  mosses.  It  should  be  noted  that 
the  author's  descriptions  are  confined  to  the  Bryacete,  just  as  in 
the  Liverworts  they  were   confined  to  the  MarchantiaceiD.] 


HOTES   TO   CHAPTER  XXV. 

■  Goebel,  DU  Sluieineen  in  Schenl'a  Handbueh  iter  Botamk,  Bd.  It.,  p.  333. 
'  Compare,  A.  Zimniermann,  Veber  die  Einmrkung  dts  Lichieg  auf  den  Mar- 

chanlunihallui.    Arb.  am  d.  Bot.  Init.  in  Wurtburg,  Bd.  II.,  p.  665. 

'  Leitgeb,  Untermchungen  iiber  die  Lebermooie,  VI.  Heft,  1881,  pp.  20,  117 ; 
Goebel,  l.c. ;  Strasburger,  Jahrb.  /.  mil).  Botaaik,  VII.,  p.  409,  and  Be/nichtaup 
md  Ztlltheiluug,  1877,  p.  12. 

N.B. — A  reeent  work  on  "  Mosses,"  for  begiuncra,  is  by  J.  E.  Bagnall  (!»., 
SonueasaLein  i&  Co.). 

INolC  to  page  274.] 

■  The  oilin  oan  bs  seen  with  especial  clearness  in  dry  preparations,  which 
are  obtained  bj  alloning  a  fresh  preparation,  or  one  nbich  has  been  fixed  in 
any  way,  to  dry  slowly  and  perfectly  mithoat  corcring  it  with  a  cover-glass, 
Sucb  preparations  can  tben  be  covered  with  a  cover-glasa,  and  can  be  closed  iu 
any  suitable  way  and  preserved, 

*  The  stomata  upon  ibe  apopbyaia  of  Fanaria  kiigromtlrica  ore  of  interest  in 
that  the  divjaion  of  tbe  motber.cel),  so  as  to  form  the  guard-cells,  is  iucomplete. 
Hence  there  is  but  one  guard-cell,  shaped  like  a  ring,  with  a  short  median  cleft. 
In  the  earl;  stages  of  development  the  dividing  wall  nas  complete,  but  its  ends 
ore  Bubseyueiitl;  ceaorbed. 
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CHAPTER  XXVI. 

THE  BBPBODUCTION  OF  THE  VASCULAB  CRYPTOGAMS. 

MATERIAL  Wanted. 
Fertile  fronds    of   Seolcpendrlum  vidgare,  the   Hart'a-tonjue    fern. 

Freah.     (Alcohol  material  in  part  answera.) 
The  same  of  the  Male  Fern  (Aspidlum  FUix-mae). 
The  aame  of  the  common  Polypody  (Pohjpodium,  valgare). 
Fresh  spores  of  Ceraiopleris  Htalielioideg. 
Prothallia  of  Fohjpodium.  vulgare.     Preah. 
Fructifying  plant  ot  Selaginella  MuHeneil.     Freah,  or  dried. 

The  sporan^n  of  Ferns  stand,  with  few  exceptions,  on  the  nndep 
side  of  the  leaves.  They  nsoallj  form  groups,  which  are  called 
Bori,,  The  whole  sorus  is  commonly  covered  by  a  atrong  outgrowth 
of  the  leaf,  the  mdasinin.  The  indnsium  ca.n  be  very  variously 
developed.  If  the  edge  of  the  leaf  turns  over  the  soma,  we  speak 
of  it  as  a  tdXsi  indnsium. — As  an  example  for  investigation,  we 
select  the  common  Hart's-tongne  fern,  Scolopendrium,  vulgare.  The 
leaf  is  traversed  by  a  strong  midrib,  from  which  arise,  weak 
lateral  veins,  only  slightly  inclined  forwards.  In  the  upper  half 
or  along  the  greater  part  of  the  length,  of  the  fertile  leaf  the 
sori  are  formed.  They  retain  the  same  direction  with  tbe  lateral 
veins.  Externally  they  appear  more  or  less  completely  covered 
by  two,  at  first,  overlapping  lip-like  indusia,  which  later  are  more 
widely  separated  and  spread  open.  It  is  only  necessary  to  prepare 
a  delicate  cross-section  of  a  piece  of  a  fertile  leaf.  For  this 
'purpose  we  select  a  leaf  on  which  the  sori  are  already  brown,  but 
the  edges  of  the  indnsinm  have  not  yet  spread  open.  We  cnt 
with  the  scissors  a  narrow  strip  out  of  the  leaf,  parallel  with  the 
soros,  olamp  this  strip  between  pieces  of  elder-pith,  or  pack 
several  sach  stripe  together,  one  behind  the  other,  in  which  ca.se 
no  elder-pith  is  needed,  and  take  delicate  cross -sections  through 
them.  The  cross-section  (Fig.  96,  .i4)  through  tlie  tissue  of  tho 
leaf  shows  as  oa  epidermis  on  the  upper  and  under  side,  and  a 
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epongy-parenchyma,  the  cells  of  which  lie  more  densely  together 
nnder  the  apper  epidermis.  There  is  no  palisade  layer.  Tho 
apparently  simple  linear  Bori  now  appear  divided  into  two.  These 
stand  light  and  left,  inclined  to  one  another,  eacli  in  the  angle 
between  the  leaf-surface  and  an  indnsinm,  and  each  close  over 
a  fibro-Tasal  bnndlfi.  The  anrface  of  the  leaf  at  the  places  ia 
question  is  hollowed  into  a  fnrrow,  and  between  the  two  sori  risos 


into  a  ridge.  The  epidermis  at  the  base  of  the  furrow,  studded 
with  sporangia,  impinges  immediately  npon  the  bundle- sheath. 
The  epidermis  of  the  under  side  of  the  leaf,  and  of  the  fnrrowp, 
nnite  in  order  to  pass  over  into  the  indnainm  (i).  This  beginFi 
therefore,  with  a  double  layer  of  cells,  which  quickly  passes  over 
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into  a  single  one.  Thia  layer  of  cells  has  the  Btmctnre  of  the 
neighboDiing  epidermis,  except  that  it  is  wanting  in  etomata  and 
cblorophyil-graina.  Yet  it  contaiim  smaller  colonrlesg  chromato- 
phores.  From  the  base  of  the  farrow  arise  the  Bporitngia  {eg) ;  they 
can  be  seen  in  different  stages  of  development;  each  derives  its 
origin  from  a  single  epidermal  cell.  Even  with  weak  magnifi- 
cation (Fig.  96,  A)  we  can  distingnish  in  each  sporangium  a  Stalk 
and  a  capsule,  and  on  older  a  yellow-brown  ring,  the  aonnlos,  can 
be  noticed  on  the  capaale.— For  further  study  we  niake  nse  of 
somewhat  stronger  magnification  (Fig.  96,  B).  The  stalk  passes 
over  from  a  single  to  a  double  row  of  cells.  The  capsule  has  a 
unilamellar  wall  of  cells.  As  is  shown  by  different  views  of  the 
wall  of  the  capsule  (B-E)  the  annnlns  is  composed  of  a  row  of 
cells,  of  thia  capsnle-wall,  which  project  oatwards.  These  cells 
form  a  row,  which,  commencing  at  the  stalk,  passes  over  the  apex, 
and  down  the  opposite  side,  and,  flattening  and  becoming  broader, 
dies  away  without  again  reaching  the  stalk.  The  inner  and 
tranverse  walls  of  the  cells  of  the  ring  are  strongly  thickened  and 
browned ;  the  thickening  decreases  in  the  transverse  walla  in  the 
direction  of  the  outer  Gorface.  The  sporangium  opens  between 
the  broad  cells  in  which  the  ring  ends  (Fig.  96,  0,  E)  ;  the  one 
half  o!  these  broad  cells  then  lies  on  the  one,  the  ot'jer  half  on 
the  opposite  aide  of  the  fissure.  The  cause  of  the  rapture  lies  in 
the  ring,  which  in  drying  tends  to  diminish  its  curvature.  The 
brown  wall  of  the  ripe  BpOie  shows  a  beautiful  atracture  (Fig.  I'). 
It  is  covered  on  its  outer  surface  with  a  network  of  cockscomb- 
like projections. — In  Aspidium  Fiiix-'mat,  the  "  male  Fern,  "  we 
find  iudusia,  in  shape  between  a  heart  and  a  kidney,  which  with 
age  become  leaden-coloured,  and  finally  brownish,  shrivel  some- 
what, and  no  longer  completely  cover  the  dark-brown  sori.  The 
sporangia  have  almost  the  same  stmctnre  as  thoae  of  Scolopendriuia. 
Upon  some  of  them  we  see  a  short  glajtdnl&r  hair,  ending  in  a 
nnicellnlar  head,  arise  from  the  stalk.  The  sporangia  are 
attached  to  a  cnshion-liWe  prominence,  a  placenta,  which  lies  over 
a  fibro-vasal  bundle.  To  thia  latter  adjoins  reticulately  thickened 
tracheides,  which  are  distribnted  in  the  placenta.  At  ita  apex 
the  placenta  bears  the  indnainm,  inserted  by  being  curved  down 
into  the  form  of  a  stalk. — If  we  take  a  preparation  in  water  which 
includes  sporangia  that  are  ripe,  bat  still  closed,  and  mn  in  from 
the  edge  of  the  cover-glass  a  water-withdrawing  medium,  best 
glycerine,   the    sporangia  slowly  open    before  onr    eyes.       The 
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anDulns  nltimately  becomes  strongly  concave.  Then  follows, 
with  a  jork,  an  opposit-e  movement,  which  more  or  less  completely 
.closes  the  Bporangiam.  The  entire  phenomenon  can  in  Iceeened 
degree  be  repeated  once  or  several  times.  Cai-eful  observation 
shows  that  daring  the  dehiscence  the  outer  walls  oF  the  aunnlns 
project  strongly  into  their  cells.  The  closing  movement  corre- 
sponds with  the  movement  in  which,  inside  the  cells  of  the  annnlaB, 
fit  the  masimnm  oF  loss  of  water,  an  air-bnbhle  is  separated  ont 
in  each  cell.  If  gas  has  not  come  ont  in  every  cell,  the  ontward 
curvature  still  continues  in  those  in  which  this  has  not  happened, 
which  occasions  the  secondary  movements  of  dehiscence.  If  now 
the  glycerine  is  replaced  by  water,  the  air-bnhble  in  each  cell 
decreases  in  size,  and  ultimately  disappears,  being  resorhed  by  the 
<;elbsap,  while  the  sporangium  almost  completely  closes.  With 
renewed  addition  of  glycerine,  the  reverse  phenomeaon  can  again 
be  produced. — It  may  be  of  interest  to  na  also  to  turn  our 
attention  to  the  naked  Bori  of  Polypodium,  vulgare,  the  common 
Polypody  fern.  The  son  are  entirely  without  indusia,  and  each 
one  lies  over  the  epd  of  a  fibro-vasal  bundle.  The  plaeenta  scarcely 
projects  above  the  surface  of  the  leaf.  The  sporangia  are  con- 
sti'ucted  upon  the  same  type  as  in  the  foregoing  species. 

We  select  the  Ferns  likewise  for  the  purpose  of  studying  the 
structure  of  the  sexual  organs,  and  of  following  the  processes  of 
fertilization,  in  the  group  of  Vascular  Cryptogams.  The  pro- 
thallus,  which  ia  the  first  and  sexual  generation  of  Ferns,  is 
always  easy  to  produce.  We  obtain  them  by  sowing  the  spores, 
or  else  collect  fertile  prothatlia.  In  this  we  will  confine  ourselves 
to  the  family  of  Polypodiaceie,  the  most  widely-spread,  and  by 
far  the  richest  in  species.  For  sowing,  we  take  the  spores  of 
Ceratopteris  thaltctroides,  cultivated  in  all  botanical  gardens,  and 
therefore  easy  to  procure.  If  this  should  not  be  procurable,  the 
spores  of  almost  any  fern  will  do  equally  well.  If  on  the  other 
hand  we  would  collect  fertile  prothallia,  those  of  any  species 
of  the  PolypodiacesB  will  serve  for  examination.  To  find  pro- 
thallia in  the  open  air  is  attended  with  considerable  difficulty,  and 
we  shall  therefore  do  well  to  look  for  them  in  plant-honses.  On 
damp  shaded  walls,  on  the  stems  of  tree-ferns,  on  flower-pots  we 
can  almost  always  find  prothallia.  On  the  fibrous  peat,'  much 
used  now  in  the  culture  of  Orchids,  SaTracenia,  etc.,  and  which  is 
often  permeated  by  Polypodium  vulgare,  are  usually  found  numer- 
ous prothallia  of  this  fern,  which  we  will  here  select  for  closer 
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oxamination.  As  in  moat  other  Polypodiace®,  the  protliallia  of 
the  commoD  Polypody  fern  have  the  form  of  small,  heart-sbaped, 
bright-green  leaves,  lying  on  the  snbstratum.  We  seize  a  pro- 
thallna  of  medinm  size,  with  the  forceps,  always  taking  hold  of 
the  place  where  it  is  attached  to  the  Bnbstratnm,  and  lift  it  away. 
We  immerse  it  in  water,  in  which  we  move  it  for  some  time  hero 
and  there,  in  order  u>  wash  off  the  fragments  of  adhering  soil, 
and  then  lay  it,  with  the  ventral  side  npwards,  in  a  drop  of  water 
on  the  object-slide,  and  examine  it  nnder  a  cover-glass.  The 
protballinm,  as  already  noted,  is  heart-shaped.  It  consists  of 
polygonal  cells,  containing  numerons  chlorophyll -bodies.  In  the 
anterior  indentation  lies  the  small-celled  meristem  of  the  growing 
point.  Only  in  its  central  portion  is  the  prothallns  mnlti lamellar, 
as  can  readily  be  proved  by  changing  the  focns.  This  median 
portion  is  the  so-called  cnshioiL.  It  passes  over  at  the  sides  into 
the  nnilamellar  tballus,  and  slopes  gradually  also  towai'ds  the  base 
of  the  prothallns.  From  the  after-parts  of  the  prothallns  i.e.,  those 
farthest  from  the  growing  apex,  arise  the  root-hallS  or  Thizoids; 
tfaey  are  especially  prodnced  in  the  median  portion  of  the  prothallns. 
They  are  long,  anicellnlar  sacs,  which  soon  become  brown.  At  the 
edge  and  nnder  side  of  the  prothallus,  individnal  cells,  moreover 
grow  out  into  short,  almost  withont  exception,  nnicellnlar  papillce, 
which,  lite  the  rhiaoids,  are  cut  off  by  a  partition- wall  at  their 
base.  If  we  have  chosen  for  investigation  comparatively  yonng 
protballia,  they  are  male;  if  we  have  taken  too  old  ones,  they  bear 
exclusively  female  aexnal  organs.  Between  these  two  are  snch 
as  bear  both  sexual  organs.  The  sexnal  orgaua,  like  the  root-hairs, 
fltand  only  on  the  ventral  side  of  the  prothallns.  The  male 
sexual  organs,  Antheiidia,  are  found  on  the  hinder  parts  of  the 
prothallns ;  they  arise  between  the  root-hairs ;  but  also  further 
beyond  these  laterally.  Their  formation  proceeds  in  the  direction 
of  the  apex  [acropetally].  They  appear  as  globular  arched 
structures  (Fig.  97,  A),  which,  in  a  ripe  condition,  contain  smaller 
globular  cells  in  greater  number  inside  a  nnilamellar  wall.  On 
the  other  side  [more  behind]  the  ripe  antheridia  stand  those  which 
are  already  emptied,  recognisable  by  the  browning  of  their  inner 
walls,  and  shoeing  a  stellate  gap  in  their  lid-cell.  A  fnll  insight 
into  the  structure  of  the  antheridia  is  only  obtained  when  we 
examine  them  in  profile.  Such  profile  view  s  are  not  seldom  ob- 
tained in  many  accidentally-bent  parts  of  the  prothallns;  we 
obtain  them  easily,  also,  if  we  suitably  bend  around  with  needles 
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protballia  whicli  are  rich  in  aotfaeridia.  In  0011*601  aide-viewa 
(Fig.  97,  A)  we  now  readily  determine  that  the  antheridinm  is 
seated  upon  the  middle  of  a  slightly  arched  prothallinm  cell  (p), 
and  cut  ofE  from  it  by  a  partition  membrane.  The  wall  of  the 
ajitheridium  consists,  almost  without  exception,  of  two  stages  of 
lateral  cells  (1  and  2)  and  a  lid  cell  (3).  The  cells  of  the  lower 
stage  have  a  broader  cavity  than  in  the  upper  stage  or  the  lid. 
The  side-view  of  an  emptied  antheiidium  (Fig.  97,  B)  shows  the 
lateral  cells  very  strongly  swollen  ;  they  therefore  stand  out  very 
clearly.  The  cavity  of  the  antheridium  is  then  correspondingly 
narrowed,  the  Hd-cel!  pressed  flat,  and  ruptured.  If  we  now  turn 
again  to  the  surface-view  of  the  prothallium,  and  observe  an 
emptied  antheridium  from  above, 
we  can  determine  upon  it  that  the 
lateral  cells  are  without  inner  seg- 
mentation. Inner  partition  walls 
are  in  no  way  visible,  and  we  come, 
therefore,  to  the  conclusion  that  the 
wall  of  the  antheridium  consists  of 
annular  cells.  Each  stage  is  there- 
fore formed  of  but  one  ring,  like 
ceil.  The  entire  wall  of  the  an- 
theridium consists,  therefore,  of  two 
such  superposed  ring-like  cells,  and 
a  lid-celi.  Annular  cells  of  this 
kind  are  a  rare  phenomenon,*  but 
constantly  recur  in  the  antheridium 
of  the  PolypodiaceEe.— In  general 
..™.    „_„„,_  ™,,.  ^^  should  find  similariy-constructed 

antheridia  on  the  prothallia  of  other  Polypodiaeete.  The  only 
common  departure  from  the  form  here  represented,  is  that  in 
which  the  antheridium  has  a  lower,  flat  stalk-cell,  and  the  aide 
wall  consists  of  only  one  annular  cell. — If  we  have  for  examina- 
tion prothallia  which  have  not  been  wetted  for  a  long  time,  we 
ahall  not  have  long  to  wait  for  the  emptying  of  individual  ripe 
antheridia.  The  mechanism  of  the  evacnation  consiats  in  the 
pressure  which  the  annular  lateral  cells  bring  to  bear  upon  the 
contents,  besides  which  a  swelling  substance  is  developed  between 
the  separated  internal  cells  of  the  antheridium.  The  lid-cell  is 
*  Annular  cells  are  likewise  met  with  in  some  Ferns  in  conneclion  with  the 
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lUtiDiately  raptured,  and  the  contents  of  the  aiitheridiom  squeezed 
oat,  whereon  the  atinnlar  cells  increase  in  size.  The  contents  of 
the  antheridinm  come  out  in  the  form  of  isolated,  globniar  cells, 
tbo  Bpermatozoidal  cells,  which  first  lie  resting  for  a  short  time 
in  the  surrounding  water.  In  each  cell,  even  with  weak  magnifi- 
cation, is  to  be  recognised  a  coiled  thread,  the  spemmtozoid 
[antherozoid],  and  a  central  collection  of  fine  granules.  Tlie 
walls  of  these  cells  dissolve  in  the  surrounding  water,  and  even  in 
a  few  seconds  individual  spermatozoids  begin  to  free  themselves. 
This  occnrs  with  a  jerk,  whereby  the  coils  of  the  body  of  the 
apermatozoid  separate.  One  spermatozoid  after  another  thus 
escapes.  We  follow  individuals  in  the  snrronnding  water,  and 
notice  that  they  progress  comparatively  rapidly,  and  at  the  same 
time  rotate  upon  their  axis.  If  a  condenser  is  at  our  disposal,  we 
proceed,  by  cutting  off  the  direct  rays  of  light  by  means  of  the 
diaphragm,  to  obtain  a  dark  field  of  view.  In  this  dark  field  the 
spermatozoids  swarm  about  as  illuminated  objects.*  After  about 
20  to  30  minutes,  the  movement  slackens,  and  finally  ceaseD. 
During  these  last  stages  of  the  movement,  the  form  of  the 
spermatozoids  is  not  difficult  to  recognise.  This  is  more  easily 
attained  if  to  the  drop  of  water  containing  the  spermatozoids  is 
run  in  a  10  per  cent,  clear  filtered  solution  of  giaa  arable,  and  so 
the  rapidity  of  tbeir  movement  is  diminished.^  The  spermatozoid 
(Fig.  97,  0)  is  composed  of  a  band,  rolled  after  the  fashion  of  a 
corkscrew.  The  tnms  at  the  anterior  end  are  narrow,  but  towards 
the  posterior  become  broader.  The  anterior  narrow  turns  bear 
long  fine  cilia.  Between  the  posterior  turns  lie  fine  granules,  and 
we  often  recognise  a  "  vesicle  "  or  "  float  "  containing  them.  By 
the  addition  of  a  little  potassium-iodide- iodine  the  spermatozoids 
are  very  beautifully  fixed. 

At  the  anterior  indentation  of  the  prothallus,  we  see  the  female 
sexnal  organs,  the  aTChegO&ia.  I^earest  the  indentation,  they  are 
still  imperfect ;  further  in,  are  ripe  but  unopened ;  finally,  dead  and 
opened,  brown  inside.  The  female  sexual  organs  are  very  easy  to 
distinguish  from  the  male.  They  project  above  the  surface  of  the 
prcthallinm  in  the  form  of  short,  cylindrical  structures,  curved 
away  from  the  anterior  indentation.  This  free  portion  of  the 
arehegoninm  is  only  its  neck,  whilst  the  ventral  portion  is  fonnd 
sunk  in  the  tissue  of  the  prothallium.  At  the  neck  we  distinguish 
"  Dark  field  illaminatiou  "  in  mj 
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n  anilamellar  wall,  formed  of  fonr  cell-rows,  and  a  central  canal, 
the  contents  of  whic^h,  in  ripe  archegonia,  appear  granular  in  the 
central  portion,  and  strongly  refractive  peripherally.  This  inner 
canal,  the  neck-canal,  broadens  upwards  like  a  dab.  Below  it 
pauses  into  the  central  cell  of  the  archegoninm,  in  which  is  found 
the  oospliere.  This  last,  it  is  true,  is  scarcely  distinguish  able. — If 
the  prothallia  had  been  allowed  to  remain  dry  for  several  days 
before  the  commenceineiit  of  the  investigation,  we  shall  probably 
be  saccessfol  in  seeing  the  opening  of  an  archegoninm.  We  choose 
for  continuons  obserra-tion  an  archegoninm  the  contents  oi'  the 
r:anai  of  which  appear  strongly  refractive.  Often  the  opening 
results  almost  instantaneously ;  often  it  is  necessary  to  wait  some 
time.  The  opening  of  the  neck  is  the  result  of  the  pressure  which 
the  strongly- refractive  swelling  snbatance  of  the  neck-canal  exerts 
upon  the  wall  of  the  neck.  The  four  cells  at  the  apex  of  the  neck 
Roddenly  separate  from  one  another,  and  the  contents  of  the  neck- 
caaal  ponr  out.  The  strongly-refractive  substance  of  this  diffuses 
as  a  colourless  mucilage  in  the  surrounding  water,  while  the 
granular  contents  are  gi'odu&lly  disorganized.  The  evacuation  of 
the  contents  takes  place  interruptedly ;  first  come  out  the  contents 
of  the  neck-canal,  then  those  of  the  ventral  canal-cell  last  cut  off 
from  the  oosphere.  Under  specially  favourable  conditions  we  may 
now  see  the  entrance  of  the  spermatozoide  into  the  archegonium. 
The  chances  of  this  are  increased  if  we  have  placed  with  the 
older  prothallium,  selected  for  the  examination  of  the  archegonia, 
some  quite  young  ones,  rich  in  antheridia.  If  spermatozoids  are 
diffused  in  the  preparation,  we  see  them,  eo  long  as  the  archegonia 
are  closed,  quietly  swimming  by  them,.  If  on  the  other  hand  an 
archegonium  has  opened,  the  sperm atozoids,  from  a  measurable  dis- 
tance round,  take  the  direction  of  the  mouth  of  the  canal,  and  are 
intercepted  by  the  mucilage.  Inside  this  mucilage  their  movement 
is  slackened,  while  they  retain  their  original  direction;  they  enter 
into  the  neck-canal,  and  reach  the  oosphere,  into  which  they  are 
taken  up.  Ah  has  been  recently  determined,  here  also  the  secre- 
tion of  a  substance  from  the  neck  of  the  archegoninm  takes  place, 
which  acts  as  a  chemical  stimulus  on  the  spermatozoids,  and 
determines  the  direction  of  their  movement.*  The  specific  stimu- 
lant in  this  case  is  malic  acid,  which  'to  the  extent  of  about  0'3 
per  cent,  is  represented  in  the  mass  evacuated  from  the  neck  of 
bhe  archegoninm.  Thus  these  spermatozoids  can  be  successfully 
enticed  into  capillary  tubes,  which  are  fused  at  one  end,  and  under 
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the  air-pump  are  injected  with  a  fluid  which  contains  O'OJ  to  O*! 
per  cent,  malic  acid,  combined  with,  any  base,  just  the  same  as 
into  the  ueck  of  the  apchegonium.     The  apermatozoids  of  Ferns 
awana  into  anch  capillaries,  likewise  into  large  hairs,  beat  of  all 
those  of  the  leaves  of  Heraclev/in.  Spkondylium,  the  Hog-weed,  or 
Oow-paranip,    if  these  are  laid,  with  their  ends  cut  off,  in  water 
containing  apermatozoids.*     Tor  tbe  spermatozoida  of  the  mosses, 
cane-sugar  is  the  specific  stimulant,  while  with  Marchantia,  an- 
other, not  yet  determined,  substance  proceeds  from  the   arche- 
gonium. — It  has  been  experimentally  determined*  that  a  single 
apermatozoid  suffices  for  fertilization ;  but  usually  several  penetrate 
into  the  archegonium,  of  which,  however,  only  one  finds  admittance. 
These  procesaes  cannot  be  followed  in  detail,  as  the  prothallium  of 
Polypodium  is  too  opaque  ;  they  can  be  seen  much  better  in  Corn- 
topteria.       We 
can,    however, 
state  here,  that 
the   spermato 
zoids     do    not 
take  their  pos- 
terior   vesicle 
with  them  into 
the      archego- 
nia,  but,  so  far 
as  they  arrive 

there    with    jt  Fib,  Sa.-PoIypeiiiuiB  toIjom.    i,  unripe  archeKonlninj  K'.neok 

still       clinging       canal-csU;    X".  yputrol  ciuial-celli  »,  ooaylieisi   B,  ripe  opened 

lothm,  it  U     "*•«-""<«"•>■ 

left  in  the  mucilage  in  front  of  the  opening.  Kow  and  again  the 
number  of  the  spermatozoids  which  arrive  is  so  lai^  that  they 
ultimately  bore  in  between  oae  another,  and  elongating  thread- 
like, fill  up  the  entire-  canal  of  the  archegonium,  and  still  form  a 
tuft  before  its  opening. — Thfre  still  remaina  one  thing,  to  see  the 
archegouia  in  sections.  These  must  only  be  cut  median,  as  the 
archegonia  are  found  only  on  tbe  median  line  of  the  prothallns. 
In  order  to  facilitate  the  catting,  we  lay  several  prothallia,  which 
are  carefully  arranged,  one  upon  another,  after  we  have  previously 
removed  all  grains  of  sand.  We  now  find  the  desired  stmctnrea 
very  easily  on  the  sections.  The  archegonium,  as  we  see  (Fig.  98, 
A6.dA.B),  has  its  ventral  portion  sunk  in  the  prothallium,  the 
neck  being  beut.     Ifeck  canal-cell    (£'}    and   ventral   canal-cetl 
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(E")  are  now  distingaishable ;  aa  also  tho  ooaphere  (o),  together 
with  its  nncleas.  The  ventral  portion  of  the  arohegonium  has 
become  covered  by  a  layer  of  flat  cells.  In  the  ripe  opened  arche- 
goniam  {B)  a.  colonrlesa  spot,  the  receptive  spot,  can  often  bo 
noticed  at  the  apei  of  the  ooBphere,  at  which  takes  place  the 
reception  of  the  spermatozoids.  Individnal  less  median  sections 
may  show  ns  the  antlieridia  also  in  profile. 

In  order  to  grow  prothallia  from  spores,  as  of  Ceraioptent 
recoDimended  above,  we  can  sow  the  spores  on  a  piece  of  moder- 
ately soft  tile,  laid  in  water  in  a  sancer,  or  upon  a  flower-pot  or 
flower-pot  saucer  similarly  kept  constantly  moist.  In  a  room  it 
may  be  covered  over  with  a  bell-globe.  In  this  way  all  the  early 
stages  of  development  can  be  well  obtained,  and  it  needs  only  to 
scrape  off  some  of  the  germinating  spores  day  by  day  with  the 
blade  of  a  pocket-knife,  and  lay  them  in  water  on  an  object-alide,  to 
be  able  to  follow  the  development.  For  fnll-grown  prothallia  for 
section-cutting,  the  spores  can  be  well  sown  on  a  bed  of  cocoa-nut 
fibre  refuse,  flattened  down  in  a  lai^e  flower-pot  sancer,  with  a 
hole  in  the  bottom,  or  a  seed-pan,  and  well  drained,  kept  moist 
until  towards  the  time  they  are  needed  for  examination.  Over- 
head watering,  if  needed,  can  he  given  with  a  spray  such  as  is 
ased  for  diffusing  scent." 

The  Selaginellea  are  heterosporons  Lycopodinese ;  they  possess 
two  kinds  of  sporangia  and  spores,  and  we  will  therefore  turn  onr 
attention  to  them,  in  order  to  complete  the  view  we  have  taken  of 
the  other  Vascular  Crj-ptoganis.  The  Selaginelleat  are  also  known 
as  the  Ligulats,  because  their  leaves  are  provided  with  a  small 
ligule  at  the  base.  We  will  exam.ine  more  closely  the  Selaginelta 
Marten^ii  (Sprg.),  universally  distributed  in  plant-honses.  Fertile 
specimens  are  easy  to  recognise  by  the  spikes  which  they  develop 
on  the  last  branches  of  usually  nnmerous  shoots.  The  vegetative 
body  of  the  plant  is  spread  in  one  plane ;  it  bears  four  rows  of 
leaves  in  pairs,  which  cross  one  another  obliquely.  In  each  pair 
the  npper  leaf  remains  small,  the  ander  is  considerably  larger. 
The  two  rows  of  upper  leaves  on  the  dorsal  surface  press  against 
the  stem  with  their  upper  surface.  The  two  rows  of  nnder  leaves 
on  the  ventral  snrface  are  placed  laterally,  flatly  spread  out,  with 
their  tipper  surface  above.  The  vegetative  body  of  the  plant  is 
therefore  bilateral  and  dorsi-ventral ;  that  is,  it  admits  only  one 
plane  of  symmetry,  which  divides  the  body  into  a  right  and  left 
half,  and  exhibits  a  ventral  and  dorsal  surface.  The  fertile  terminal 
■  See  Dote  on  page  2970. 


,  ,,iz=..,Coot^[c 


MiCEOSPOBES  AND   MICEOSPOEES.  297 

spikes,  on  the  other  band,  are  quadrangular,  provided  with  iow 
rows  of  symmetrically- arranged  leaves,  directed  outwards. — We 
nezt  inform  onrselves  as  to  the  stmctare  of  the  spike,  by  palling 
off  one  leaf  after  the  other  with  needles  nnder  the  simple  micro- 
scope, beginning  at  the  base.  We  see  an  ovate,  somewhat  flattened 
Sporangmm  stand  in  the  axil  of  each  leaf.  Even  in  this  operation 
we  shall  have  noticed  that  many  sporangia  are  larger,  and  show 
projecting  bosses.  If  we  open  the  large,  bossed  sporangia  with  the 
needles,  four  large  spores  will  come  into  view,  which  completely 
filled  the  sporanginm,  and  arched  its  wall  ont  locally ;  if  we  open 
a  small  sporanginm,  this  proves  to  be  filled  with  nnmerons  small 
spores.  The  large  sporangia  are  female  sporangia  (macrosporangia), 
the  lai^e  spores  female  spores  (macrospores)  ;  the  small  sporangia 
and  spores  are  male,  and  are  diatingnished  as  microsporangia  and 
microspores.  The  small  spores  are  triangularly  pointed  on  one  side, 
with  reticulate  markings,  and  nsnally  hang  together  in  tetrads. 
The  same  relations,  increasing  in  accordance  with  size,  are  met 
with  on  the  four  macrospores.  We  see  clearly  upon  them  the 
triangular  tapering  of  one  side ;  in  order,  on  the  other  hand,  to  be 
able  to  distinguish  well  the  reticulately  connected  ridges  on  the 
cell-wall,  it  is  deairable  to  crush  the  spores.  The  walls  of  the 
microspores  soon  become  dark  bi-own,  while  the  macrospores 
remain  far  clearer.  If  we  examine  the  leaves,  from  which  we 
have  removed  the  sporangia,  we  see  the  lignle  arise  close  nnder 
the  plaee  of  insertion  of  the  removed  sporangium,  as  a  tongue- 
shaped  membrane.  A  further  removal  of  leaves  fiytm  the  spike 
shows  us  that  the  macrosporangia  are  far  scarcer  upon  it  than  the 
microsporangia,  and  always  appear  preponderatingly  on  the  lower 
parts  of  the  spike.  The  ripe  sporangia  dehisce  transversely  into 
two  valves. 

In  conclusion,  it  may  be  mentioned  that  the  Selaginelleee,  in 
drying,  preserve  so  excellently,  that  we  can  use  softened  herbarium 
specimens  in  order  to  study  the  growing  point  and  the  origin  of 
the  sporangia.  Sections  through  fresh  material,  as  well  as  material 
thus  softened,  can  be  made  very  transparent  with  potash  solution. 

NOTES  TO  CHAPTER  XXVI. 
^  ComvaieljeeUre  drt  Scthion, Ann.  det  Set  Nat. BoLiVIl.  Ser.,  vol.  u.,  p.  10, 

1885. 
'  TfTTi  filirtiiie  of  the  Belgian  nnj^Berymen. 

■  Compare  Fleffer,  Untira.  a.  d.  Bot.  Intl.  lit  Tuliniifn,  BA.  I.,  p.  870. 
«  The  lame,  p.  360.  •  The  same.  p.  410. 

•  Slraabarger,  Jahrb.f.  uU».  Boianik.,  Bd.  VII.,  p.  i05. 
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[WD(elopaffe290.] 
■  Ab  the  isising  oF  tern  piobhallia  from  spores  bas  idfid;  pointi  ot  intereBt.  a 
tew  additional  olisecTations  npon  it  ma;  bs  made  here.  Amongst  the  quickest 
ot  all  epores  to  genoiiiBte  are  tbose  of  tha  Boyal  Fern,  Oimuiidti  rtgatii.  The 
spores  ot  Ctratt^pltria  ihaliBtToidei,  recommended  in  the  text,  are  of  special 
utility  if  obtainable,  owiog  to  the  tmnsparencj  of  the  atruetures  developed  from 
them.  A  hiyhl;  recommendeil  method  is  to  sow  the  spores  upon  a  slab  of  peat 
or  turf,  which  has  been  first  bailed  in  water  in  order  to  kill  an;  Feeds  OT  spores 
it  may  contain,  and  then  soaked  with  the  culture  Buid  recommended  for  the 
cultivation  ot  Spirigijra.  The  spores  are  then  sown,  and  the  turf  covered  with 
a  bell-glass  and  placed  in  a  north  window.  With  a  tavonrable  temperature 
germination  begina  in  from  3  to  6  dajs. — With  care  to  keep  them  moist,  tha 
spores  can  likewiae  be  germinated  npon  a  gLiss  slide,  and,  with  the  very  careful 
addition  of  minute  quantities  of  culture-fiuid,  con  liegronn  to  some  size,  though 
their  growth  thus  is  uaualiy  much  more  slow.  Owing  to  their  large  size,  the 
spores  ot  Cerotopttrii  lend  themselves  pretty  readily  to  this  mode  of  culture, 
which  enables  easy  observation  under  the  microscope,  and  facilitates  olxo  the 
fixing  and  permanent  preservation  of  specimens  showing  the  early  stages  ot 
geiminatioa  and  prothallial  development.— The  spores  oi  Ceratopterii  can  like- 
wise be  germinated  by  eowiog  upon  n  nutrient  fluid,  and  preserving  a  moist 
atmosphere.  Floating  prnthallia  are  ihen  developed,  with  rbizoids  and  seiuai 
11  their  normal  position,  but  submerged. 
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CHAPTER    XXVII. 

THE   REPRODUCTION   OF   QTMNGSPERMS. 

Matbbial  Wanted. 
Male   flowers  of  Pinua   (e.g.,   the  Scotch  Fir,  P.  giilveelria).     Bent  in 

alcohol,     March  or  April. 
Male  flowera  o£  the  Tewr  {T'lteue  baeeata).     Fresh,  or  iu  alcohol. 

Fertilized  ovules  of  Tew.     Fresh,  or  in  alcohol.     End  ot  April. 

Young  female  cones  of  the  Scotch  Fir  (or  other  Piuus).  Fresh,  or 
in  alcohol.    End  of  May. 

Conea  of  the  Red  Fir  (Picea  vulgtirit,  Lk.).  Frcah,  or  best  in  alco- 
hol.   Mid-June. 

Seeds  of  the  same.    October. 

pHANEitOOAiiiC  plants  fall  into  the  two  great  divisions  of  naked 
gesdad,  or  Gfmnosperms,  aud   enclosed  seeded,  or  Angiosperma. 

These  divisions  are  especially  distinguished  by  the  structure  of  the 
flower  and  the  processes  of  fertilization,  and  embryology,  which  we 
will  first  examine  in  the  Gymnosperma.  We  first  wttke  ourselves 
acquainted  with  the  structui-e  of  the  male  flower '  of  the  Scotch 
Pir  (Pinui  sylvestris) .  This  plant  flowers  in  May  or  June,  according 
to  the  district  ;  but  it  can  be  investigated  very  well  in  alcohol 
material,  which,  because  too  brittle,  should  be  laid,  at  least  one 
day  before  the  comniencemeut  of  the  investigation,  in  a  mixture 
of  equal  parts  of  alcohol  and  glycerine.  Material  thus  prepared 
can  be  cut  much  better  than  if  fresh. — We  first  make  out  that  the 
male  flowers  here  stand  iu  large  numbers  on  the  lower  parts  of  a 
shoot  of  the  same  year.  Thoy  are  arranged  according  to  a  -^^ 
phyllotaxy,  and  correspond  in  their  aiTangement  exactly  to  the 
condensed  shoots,  each  bearing  two  needle- leaves,  which  succeed 
the  flowers  in  uninterrupted  aeries.  The  flowers  also,  like  the  con- 
densed leafy-shoots,  stand  in  the  axils  of  scale-leaves.  Upon  the 
stalk  of  the  male. flowers,  we  find  first  three  decussating  pairs  of 
bractP.     The  lowermost  pair  is  placed  laterally  with  regard  to  the 
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mother  axis,  an  awangemeot  which  is  dae  to  the  necessities  of 
space,  and  which  recurs  almost  withoafc  exception  with  the  first 
pair  of  leaves  of  the  vegetative  bnds  of  Gymnoapenns.  To  the 
bracta  of  the  short  flower-stalk  sncceed  the  stamens,  closely 
crowded,  naually  arranged  in  ten  vertical  rows.  The  floral  axis  is 
elongated,  fusiform.  A  single  stamen  separated  and  examined 
under  the  simple  microscope  appears  circular;  its  under-side  is 
occupied  bj  two  longi  tod  in  ally- inserted  poUeu-BaCB,  touching  one 
another  in  the  middle  line  ;  at  its  apex  running  oat  into  a,  short, 
outwardly -directed  border,     Median  longitudinal  sections  through 


ria.83.— Knui  Pumflfi,  reaombling  P.  lulmfrlt.  D,  from  P  ijiirsitni  A,  longito- 
dioBl  Bectton  thronsb  imeu'lr  Tipem&le  Bower  {x  10).  B,  longitDdiu&l  eectirin  thrangb  k 
eingle  sLBminal  leaT  (x  29).  C,  ciosa-BeotiDQ  tbrongh  s  stamuuil  lear(x  27).  D,  ■  rips 
PoUeii-graiii(x«0). 

the  flower,  shortly  before  the  dehiscence  of  the  anthers  (Fig.  99,  A), 
show,  especially  aiter  treatment  with  potash,  the  course  of  the 
fibro-vasal  bundles  in  the  floral  axis,  the  series  of  staminal  leaves, 
each  with  a  single  fibro-vasal  bundle,  the  insertion  of  the  pollen- 
sacB  on  the  ataminal  leaves.  Upon  leas  complete  longitudin^ 
sections,  thinner  spots  can  be  readily  found,  in  which  the  struc- 
ture of  the  individual  statninal  leaf  (£)  is  followed  still  better- 


d.,  Google 


800  KEPRODDCTION  OF  OTHNOSPEBUS. 

We  then  prepare  tangential  lonjltndinal  sections  thronj^h  the 
flower,  in  order  to  obtain  cross-sections  of  single  staminal  leaves, 
and  pick  ont  such  an  one  for  closer  stndy  (0).  We  see  that  the 
two  pollen-sacs  adjoin  la  the  middle  line,  and,  when  perfect,  are 
nanally  separated  only  by  a  flat  wall  of  collapsed  cells,  in  the 
middle  of  which  may  be  interposed  one  or  more  layers-  of  flat  starch- 
containing  cells.  Upon  their  free  enter  anrfaee  the  poUea-sace 
are  covered  by  the  epidermis,  to  which,  towards  the  interior, 
nsnally  only  collapsed  cells  adjoin  ;  towards  the  dorsal  surface  of 
the  leaf  likewise  the  anther  cavities  are  closed  in  the  same  way. 
In  the  median  line  of  the  staminal  leaf,  above  and  below  the 
partition  wall  separating  the  two  poUen-saes,  rans  a  strip  of 
mesophyll.  The  npper  is  thicker,  and  is  traversed  by  the  verj 
delicate  flbro-vasal  handle.  At  the  two  side-edges  of  the  sta 
minal  leaf,  the  epidermis  projects  into  a  weak  or  more  strongly- 
developed  wing ;  in  the  latter  case,  a  little  mesophyll  can  be  f  onnd 
between  the  two  layers  of  epidermis  (0).  On  the  under  side  of 
the  pollen-sacs  the  epidermal  cells  diminish  in  size  from  both 
sides  i  at  the  places  of  weakest  development,  the  pollen  sacs  open. 
These  poUcn-sacs  closely  resemble  the  sporangia  of  Lycopodiaceas ; 
researches  in  comparative  development  have,  in  fact,  led  to  the 
conception  that  the  pollen-sacB  of  Phanerogams,  and  the  micro- 
eporangia  of  Cryptogams  are  homologons  strnctni-es. — If  we  look 
now  to  the  pollen-graiiLB  developed  in  the  pollen-sacs,  where 
possible  in  the  fresh  state,  we  shall  note  that  each  of  these  consists 
of  a  central  body,  upon  which  are  placed  laterally  two  vesicles 
(V).  If  the  flower  is  ripe,  the  two  vesicles  appear  dark,  because 
filled  with  air.  They  show  delicate  markings  apon  their  sur- 
face. The  interior  of  the  central,  tme  pollen-grain,  contains 
finely  granular  protoplasm,  and  a  large  nucleus.  Shortly  before 
dehiscence— i.e.,  before  the  opening  of  the  pollen-sacs — a  division 
takes  place  in  the  pollen-grain,  by  means  of  a  convex  partition 
wall  (D),  which  limits  a  lenticular  cell  on  that  aide  of  the  pollen- 
grain  which  is  tnmed  away  from  the  place  of  insertion  of  the 
vesicles.  This  cell  is  best  seen  when  the  pollen-grain,  as  in  onr 
figure,  lies  on  its  side.  An  exactly  similar  cell  is  also  cut  off  from 
the  microspores  of  the  heterosporoas  Lycopodlaceffi,  before  the 
commencement  of  the  stages  of  development  which  lead  to  the 
formation  of  the  antherozoidal  cells.  In  both  cases  alike  we  can 
distinguish  these  ce'ls  as  vegetative  cells.  Thewings  (veaicles)  of 
the  pollen-grain  arise,  as  the  storj'  of  their  deveHpment  shows. 
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rntter  late,  and  by  tbo  upheaval  of  the  cuticle,  between  which  on 
the  one  hand,  aad  the  inner  thickening  layers  of  the  wall  on  the 
other  hand,  a  watery  Raid  collects. 

I'rom  the  etructure  of  the  male  flower  of  Finns  syleeatris  exam- 
ined above,  the  male  flower  of  Taxat  baccafa  (the  Yew)  differs 
most.  This  flowers  somewhere  in  March,  but  by  means  of  alcohol 
material  we  can  be  independent  of  time.  The  male  flowers  of 
2Wus  stand  in  the  azils  of  leaves  on  the  previous  year's  twigs. 
They  commence  with  some  decussating'  pairs  of  scales,  and  pa.43 
over  into  scales  arranged  on  a  ^  phyllotaiy.  The  scales  become 
duccessively  larger,  and  at  length  follow,  in  quite  indefinite  arrange- 
ment, the  shield-shaped  etaminal  leaves  upon  the  elongated  axis. 
These,  as  examination  with  the  lens  will  at  once  show,  have  a  by 
no  means  slight  resemblance  to  the  fertile  sporangiferous  leaves 
of  the  spikes  or  cones  of  Equisetu-m.  If  we  remove  a  staminal 
leaf  with  the  scalpel,  and  esamine  it  under  the  simple  microscope, 
we  shall  find  from  five  to  seven  pollen-sacs  inserted  on  the  inner 
aide  of  the  shield  and  its  etalk.  These  ave  mounted  on  the  shield 
with  their  base,  on  the  stalk  with  their  inner  side.  Laterally,  to- 
wards one  another,  they  are  mostly  free,  and  quite  free  on  their 
outer  surface  and  at  their  apei.  We  can  fully  inform  ooi'selvea 
on  this  point,  if  we  forther  bring  median  and  tangential  longitu- 
dinal sections  to  our  aid.  The  former  show  the  stamina!  leaves 
and  pollen-sacs  in  longitudinal  section,  the  latter  in  cross-section. 
In  longitudinal  section  the  whole  staminal  leaf  has  a  wedge-like 
outline,  because  the  pollen-sacs  broaden  outwardly.  In  cross- 
section,  as  in  longitudinal  section,  we  see  that  the  wall  of  the  ripe 
pollen-sac  is  reduced  to  the  epidermis  and  a  layer  of  collapsed 
cells.  The  walls  of  these  epidermal  cells  are  provided  with  thick- 
ening ridges.  So  far  as  the  walla  of  the  pollen-sacs  will  separate 
from  the  stalk  of  the  staminal  leaf,  their  epidermal  cells,  as  cross- 
sections  teach  tts,  show  a  considerable  reducbon  in  size.  In  order 
to  become  quite  clearas  to  the  kind  of  thickening  of  the  wall  of  the 
pollen- sacs,  we  lift  a  wall  from  the  staminal  leaf  with  needles,  and 
determine  that  they  are  U-shaped  ridges,  with  which  the  inner 
and  side-walls  of  their  epidermal  cells  are  thickened.  The  same 
thickening  is  present  also  upon  the  epidermal  cells  of  the  outer 
surface  of  the  shields.  The  opening  of  the  pollen-sacs  is  brought 
ftbont  by  the  wall  separating  fi-om  the  stalk  and  stretching  straight. 
The  pollen-grains  are  ellipsoidal,  studded  with  small  knobs.  Short- 
ly before  dehiscence,  a  small  cell  is  cut  ofE  from  the  end  of  the 
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grain.  In  alcoKol-niuterifil  the  contents  of  the  pollen-gi-uu  are 
contracted,  and  unfit  for  examination. 

The  pollen-grains  of  Taxua  are  without  Tesicular  appendages  to 
the  wall ;  these  latter  are  not  present  in  all  Abietinete  *  ;  and  on 
the  other  hand  are  found,  in  the  Taxinese,  in  Podocarput.  In  many 
genera  more  than  one  vegetative  cell  is  cut  oS  from  the  contents 
of  the  pollen-grain,  whence  arise  cell-masses  projecting  into  the 
interior  of  the  pollen-grain.  Amongst  the  Abietinete  the  genua 
Pinw  alone  shows  a  single  vegetative  cell. 

The  female  floTers  of  Taxw  haccata  ^  ai-e  found,  like  the  male,  in 
the  axils  of  leaves  of  the  previous  year's  twigs  (Fig,  100,  A} ;  bnt 
nponotherindividnals,  as  the  plant  isdiceciona.  The  time  of  flower- 
ing, &B  we  already  know,  is  in  March  ;  in  alcohol  the  flowers  pre- 
serve very  well  and  can  be  very  conveniently  studied  after  they  have 
been  laid  for  at  least  twenty-four  hours  in  a  mixture  of  equal  parts 
alcohol  and  glycerine.  The  flowers  apparently  terminate  a  small 
shoot,  but  ore  in  reality  not  terminal.  Not  infrequently  two 
flowers  are  found  on  the  same  shoot  (Fig.  100,  at*);  in  rare  casea 
we  even  come  across  monstrosities,  which  show  a  leaf-bearing 
shoot  developing  laterally  from  the  flower  (Fig.  100,  B).  First 
we  examine  the  flower-axis  with  the  leuB,  and  determine  that  this 
begins  with  a  lateral  pair  of  scaka,  to  which  succeed  spirally- 
arranged  scales,  gradually  becoming  larger.  The  Bower  itself  is 
enclosed  by  three  decnssating  pairs  of  scales,  and  only  its  apex 
shows  between  them.  This  apex  shows  a  point-like  opening,  the 
micropfle.  We  arrange  the  shoot  in  a  definite  way,  in  order  to 
obtain  a  median  longitudinal  section.  This  mast  pa.^  through  tlia 
middle  of  the  pair  of  scaleB  last  but  one  under  the  flower.  We 
select  for  the  examination  a  somewhat  older  flower,  already 
poUinized,  at  about  the  end  of  April,  because  they  are  more 
suitable  for  catting,  and  in  many  respects  also  are  more  instruc- 
tive. If  the  direction  of  the  section  has  been  properly  observed, 
the  structure  appears  aa  in  the  adjoining  Fig.  100,  C.  The  flower 
does  not  appear  to  be  terminal  upon  the  primary  shoot ;  this  on 
the  other  hand  closes  its  development,  after  it  has  formed  a 
secondary  shoot  in  the  axil  of  the  nppermost  scale.  It  is  this  lattei' 
which  ends  in  the  flower,  after  it  has  previonsly  given  rise  to  three 
decussating  pairs  of  scales.     Pressed  on  one  side  of  the  point  of 

*  Abietinete,  a  sab-ordir  of  ConifeiiE,  whiob  iuclndex  the  irell-known  genera 
or  eub-geuera  Piwn  (the  Fiues).  Abir*  [tbe  Fire),  Fieta  (the  SpruceB),  l,arix  (the 
LarcfaeB),  Cednu  (the  Cedan)  [Ed.] 
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iuaei-tiou  of  the  Becondai7  shoot  is  the  growing  point  (v)  of  the 
primary  shoot  (to  the  right  io  the  figure).  Now  and  then,  the 
last  scale  tmt  one  of  the  primary  shoot  also  gives  rise  to  a  second- 
ary shoot  ending  in  a  flower.  Rarely,  as  we  have  seen  (B),  tho 
primary  shoot  further  develops  into  a  leaf-bearing  axis.  Tho 
.fairs  of  scales  which  procode  the  flower  are  to  be  considered  as  its 


braeteoles;  the  flower  itself  is  reduced  to  an  ovule,  Such  is,  for 
eitample,  the  terminal  structure  which  we  see  at  the  apex  of  the 
secondary  shoot.  In  the  longitudinal  section  of  this  we  distinguish 
a  simple  case,  the  ovular  integoment  (i)>  which  leaves  above  a 
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narrow  opening,  the  micropjrle  (m)  free,  and  in  the  interior  the  so- 
called  nucleus  of  the  ovule,  the  tmceUus  (jj).  At  the  base  of  this, 
only,  however,  in  specially  favourable  cases,  or  after  treatment 
with  potash,  a  large  cell  (e)  is  to  be  recognised  as  the  mdimentary 
ftmbryo-Bao.  *  As  the  pollen-sac  resembles  a  microsporangium,  in 
tho  same  nay  the  ovule  corresponds  with  a  macrasporanginm;  ae 
the  pollen-graine  resemble  microspores,  so  the  embryo-sac  a 
macrOBpore,  Developmental  researches  *  have  disclosed  consider- 
able agreements  between  the  initiatiou  of  these  structures,  bat 
have  at  the  same  time  shown  that  a  progressive  reduction  affects 
the  processes  which  amongst  Phanerogamia  lead  to  the  development 
of  the  macrospore.  To  compare  the  integument  with  the  in- 
dnsium  of  the  Vascular  Cryptogams  offers,  however,  no  sufBcient 
gronnds.  The  integument  is  a  newly. evolved  structure  on  tht 
macrosporangium  of  Phanerogams.  Upon  the  stalk  of  the  ovule 
of  Taxm  can  be  seen  a  small  wall  of  tissue  (a),  which  for  a  long 
time,  even  into  June,  remains  stationary ;  later,  however,  begins  to 
grow,  and  forms  the  bright-red  aril,  which  in  autumn  surrounds 
the  ripe  seed.  Upon  the  already  pollinized  flowers  which  we  have 
taken  for  investigation,  we  can  see  the  pollen-grains  lying  on  the 
apex  of  the  nacellus.  Each  of  theni  has  put  out  a  short  sac  into 
the  tissue  of  the  apex  of  the  nucellns.  It  is  the  large  cell  of  the 
pollen-grain  which  grows  out  into  the  sac,  while  the  small  vegeta- 
tive cell  shrivels.  The  inner  wall  of  the  pollen-grain,  the  iatLae, 
forms  the  pollen-tabo,  while  the  extine,  studded  with  small  pi-o- 
tuberances,  which  we  have  already  seen  upon  the  ripe  pollen- 
grains,  is  stripped  off.  The  pollen-grains  lie  in  this  case  upou  the 
surface  of  the  papillose  nucellar  apex ;  while  with  various  other 
Taxinece,  and  their  near  allies,  the  nucellar  apex  is  hollowed  out' 
in  order  to  receive  the  pollen-grains,  giving  rise  to  the  so-called 
pollen-chamber.  If  we  wish  to  know  the  mechanism  which 
brings  the  pollen-grains  to  the  ovule,  we  must  make  the  observa- 
tion in  the  open  air,  during  the  time  of  pollination.^  If  we 
examine  the  female  flowers  at  the  time  when  the  pollen-grains 
are  being  emptied  from  the  pollen-sacs,  we  shall  see  that  each 
flower  exudes  a  small  drop  of  fluid  from  its  micropyle.  In  this 
drop  the  pollen-grains,  carried  by  the  wind,  are  caught,  and  in  the 
evening  are  absorbed  at  the  same  time  with  the  drop. 

The  Scotch  Fir  (Piiiit*  gylvestris)  will  serve  as  a  second,  and  at 
tho  same  time  extreme,  example  of  the  structure  of  the  female 
flower  of  the  Conifone      The  Scotch  Fir  is  momeoiooa,  so  that  we 
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Hud  male  and  female  flowers  upon  tbe  same  plant.      The  ovules 
ia  tlio    Scotch  Fir  do  not  stand  alone,  as  ui  the  Yew,  bnt  are 
developed  in  C0116S,  in  which    nameronii    ovules,  inaei-ted   npoa 
scale-like  strnctnrea,  ai^  fonnd  combined.     The  small  cones,  either 
singly  or  several  together,  occupy  the  apex  of  twigs  of  the  same 
age.     They  stand  in  the  axils  of  bracts  like  those  of  the  condensed 
branches,  each  beeiring  two  needle -leaves,  inserted  lower  down  on 
the  axis;  their  position  at  the  end  of  the  shoot  corresponds,  how- 
ever, with  that  of  the  normal  twig-bearing  branch.     The  sraail 
cones  are  nsnally  in  the  receptive  state  at  the  end  of  May,  and. 
thoTigh  small,  are  recognisable  by  their  brown-red  colour.    They  are 
stalked,  and  stand  erect;  the  stalk  is  covered  with  brown  scales. 
— Here  also  alcohol- mate  rial  treated  with  glycerine  can  serve  for 
the  investigation.     If  we  bring  a  portion  removed  from  the  axis 
of  the  cone  with  the  scalpel  nnder 
the  simple  microscope,  and  isolate 
it  with  needles,  we  can  see  (Fig. 
101),  that  in  the  axils  of  delicate 
obovate     bracts     (6),      somewhat 
fringed  at  their  mai-gin,  ariae  scales 
(Jr)    of   similar  form,  but  fleshy, 
smooth-edged,  provided  on  the  in- 
ner side  with  a  centi-al  projecting 
rib  (c).     These   are  distinguished 
as  frnit-BCales.     At  the  base  of  the 
fruit-scale,  right  and  left,  is  found 
on  each  side  of  the  rib  an  ovule  (s), 
with  its  micropyle  turned  below 

and  towards  the  outer  side.  The  rio.  loi.  —  Pfntu  tiiimtrii.  Pmit. 
edge  of  th.  il.t.g»imt  is  pro-  * -""S^.T.ilS.'" 
longed  at  the  micropyle  into  two  upon  aio  < 
lobes  (m),  placed  right  and  left.  f^J^  ™' 
Bract  and  fruit-scale  have  grown 

together  at  the  base,  and  are  therefore  removed  together  from 
the  axis  of  the  cone.  The  cones  of  the  Abietineos  and  othei 
true  cone-bearing  Conifer*  are  conceived  to  be  either  single 
flowers  or  inflorescences,  according  to  the  significance  which  is 
given  to  the  fruit-scale.  That  is,  this  is  either  considered  to  be 
a  flattened,  metamorphosed  axial  shoot,  growing  in  the  axis  of 
a  modified  leaf,  which  we  have  here  called  tht  bract,  and  partially 
adnate   to   the  bract ;  or  as  a  development  o*  the  placenta  of  a 
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carpellary  leaf,  which  we  hnve  hitherto  called  the  bract.  Td 
the  former  case,  thereTore,  we  should  have  a  bi-ovnlar  brancb  in 
the  axil  of  each  bract,  in  the  second  a  bi-OVnlar  placenta  on  the 
upper  side  of  a  carpellaiy  leaf.  In  the  former  case,  the  cone 
would  therefore  bo  an  infloTeacence  composed  of  many  fertile 
axillary  branches ;  in  the  second,  the  cone  would  be  n  single  flower 
composed  of  numerous  open  caipellary  leaves.— The  remarkable 
structure  of  the  fruit-scale  is  explained  by  the  machinery  for 
pollination,^  which  can  only  be  followed  npon  fresh  material  at 
the  time  of  pollination.  As  soon  as  the  male  flowers  begin  to 
fi-ee  their  pollen,  we  can  demonstrate  an  elongation  of  the  axis 
of  the  cone,  whereby  the  fruit-scales,  together  with  the  bracts 
appertaining  to  them,  are  separated.  The  pollen  can  now  fall 
upon  the  lifted  fruit-scales,  slip  down  them,  and,  guided  by  the 
projecting  rib,  come  between  the  two  prolongations  of  the  integn- 
meut.  Later  on,  these  prolongations  curve  inwards,  and  in  this 
way  carry  the  pollen  into  the  micropyle,  and  to  the  apex  of  the 
nueellua.  After  fall  pollination  the  fruit-scales  soon  close  together 
again  by  their  edges,  and  are  glued  together  by  resin.  The  bracts 
do  not  further  develop,  nor  does  the  central  rib  of  the  fruit-scale, 
which  is  of  no  further  use.  The  red  colour  o£  the  cone  passes 
over  into  brown,  and  then  into  green  ;  when  ripe,  again  becom- 
ing brown ;  and  the  cone  slowly  sinks,  and  finally  takes  a  pen* 
dant  position. 

We  will  now  turn  our  attention  to  the  further  changes  which 
take  place  in  the  pollinated  ovules  of  the  Coniferte.*  With  the 
structure  of  the  ovule  we  have  already  become  acquainted  in 
Taxug,  and  have  proved  that  at  the  time  of  pollination  only  the 
first  rudiments  of  the  embryo-sac  were  present.  After  this  a 
further  development  of  the  ovule  takes  place,  always  variously 
quickly,  according  to  the  greater  or  less  time  which  has  to 
separate  the  periods  of  pollinatioa  and  of  fertilization.  In  Taxus, 
fertilization  takes  place  about  the  middle  of  June  in  the  same 
year ;  in  the  Scotch  Fir  not  until  the  next  year,  about  thirteen 
months  after  pollination.  In  the  Spruce  Fir  (Abies,  Picea), 
pollination  and  fertilization  are  separated  by  about  six  weeks 
only.  We  wijl  consequently,  in  what  follows,  keep  to  the  SpmcB 
Fir,  because  this  offers  many  advantages  for  the  investigation.  It 
would  lead  ns  too  far  to  follow  step  by  step  the  enlargement  of 
the  embryo-aac,  the  origin  of  the  tissue  of  the  prothallns  (endo- 
aperm)  and  of  the  sexual  or,2an3  in  its  interior,  the  increase  in 
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size  and  eorresponditig  differentiation  of  the  entire  ruajmentary 
seed.  Wo  will  therefore  turn  at  once  to  the  stage  in  which  the 
oospherea  are  fully  formed  and  in  a  receptive  condition.  This 
condition,  in  tho  common  Red  Fir  (Picea  vulgaria,  Lk.),  ia  reached 
about  the  middle  of  June,  the  fertilization  ia  then  completed  in 
the  course  of  a  few  days.  Either  fresh  or  alcohol  material  must 
be  at  command.  For  this  investigation,  alcohol  material  is  better 
suited  than  fresh,  as  it  shows  the  oosphere  fixed.  It  is,  above  all, 
I'ecommended  not  to  lay  entire  cones,  but  separate  frait-scalos, 
in  the  alcohol.  Before  cnttii^  the  alcohol  material,  it  should  be 
transferred,  aa  we  have  already  repeatedly  done,  to  a  mixture 
of  equal  parts  alcohol  and  glycerine  for  at  least  twenty-fonr 
hours. — In  beginning  the  investigation,  we  first  inform  ourselves 
as  to  the  appearance  of  the  entire  scale.  This  is  obovate,  shows 
below,  on  its  inner  surface,  the  two  rudimentary  seeds,  also 
already  the  outlines  of  the  wingB,  which  later  on  will  be  separated, 
with  the  ripe  seed,  from  the  inner  surface  of  the  fruit-scale. 
On  the  enter  surface  of  the  fmit-scale,  and  below,  can  still  be 
found  the  bract  now  appearing  comparatively  very  small.  The 
ovule  to  be  cut  can  be  easily  separated  uninjured  from  the  fruit- 
scale  with  the  points  of  the  needles.  We  prepare  longitudinal 
sections  of  it  between  thnmb  and  forefinger.  Cutting  is  made 
more  difficult  by  the  integument  havii^  become  eomparatively 
hard,  therefore  we  must  somewhat  modify  our  method  of  pre- 
paration. We  cut  the  ovule  in  two  with  the  scissors  at  about 
half  its  height ;  we  then  take  the  upper  half  of  the  ovule,  i.e., 
that  which  contains  the  apex  of  the  ovule,  between  the  fingers, 
and  with  the  forceps  withdraw  out  of  the  cut  surface  the  upper 
part  of  the  embryo-sac,  together  with  tho  nncellns.  Through 
these  soft  parts  longitudinal  sections  can  now  be  readily  made. 
Staining  reagents  are  only  to  be  used  with  great  precaution,  as 
they  stain  the  entire  protoplasm  of  the  oospheres,  and  can  easily 
make  them  opaque.  We  first  examine  the  longitudinal  section 
of  a  receptive  ovule  with  a  low  power.  The  entire  ovule,  with 
integument,  is  cut  perpendicularly  to  its  surface  of  insertion ;  it 
is  displayed,  therefore,  in  median  longitudinal  view  (Fig.  102). 
We  see  in  it  the  integument  (i),  which  develops  into  the  skin 
of  the  seed,  and  from  half  its  height  is  separated  from  the 
nucellus  ;  the  nncelluB,  bearing  upon  its  apex  pollen- grains,  which 
partly  are  external,  and  partly  lie  sunk  in  its  tissue  ;  or  may  even 
ehow  pollen-tnbes  (i),  developed  from  these  pollen-grains,  which 
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pierce  the  npper    part  of    the    nncellas,  in  order  to  reaeh   the 
external  layer  of  the  embryo-sac ;  the  euibrjo-s&C  (e),  of  elliptic 
outline,  filled    with    endospeTm  (or,  more    correctly,  prothalloid 
tUsne)  ;  the  archegonia,  here  known  earlier  as  corpTiacalo,  whoBe 
ventral  portion  (o)  ia  easy,  bnt  neck  more  difficult  to  recognise ; 
in  the  interior  of  each  archegoninm  is  an  oOBphere  (o),  which  in 
alcohol  material  is  noticeable  from  its  yellow-brown  colour,  and 
shows  a  central  Inr^e  nucleas  (n)  >  and  lastly,  nitder  the  ovule, 
the   comiaeiicement  of 
the  wiag   (s).      If  -wo 
prepare  a  similarly- di- 
rected section  through 
a   fresh   ovule   of    the 
same     age,     we     shall 
again  find  the  same  re- 
lations ;  hut  very  com- 
monly the  contents  of 
the    archegoninm  will 
have  run  oat.     If  the 
section   has    laid  bare 
individual    archegouia, 
without  opening  them, 
the    oospherea   will 
appear     as     yellowish 
frothy  masses  of  proto- 
plasm, in  which  the  cen- 
tral nucleus  is  scarcely 
distinguishable,  or  else, 
in  the   best  cases,  has 
only  the  appearance  of 
a  large  central  vaonole. 

fillod  witli  endosperm ;  a,  re ni.ml  portion,  nnd  o,  nock       snfFer  under  the  inBu- 

tlrZtn^ ot'"^.l  V2 rp!'pono'-X°sCo" '.Td      «^»<=e  of  *^«  ^^^"^  ^^^e" 

..uceUo»,i,iologuniont:..ai8wingoflbe6™d(x8).        -j^^^^  .    .j  ^^■^^^  section  is 

to  be  kept  for  a  longer  time,  it  is  recommended  to  use  as  fluid  for 
observation  white  of  e^  diluted  with  water,  to  which,  for  greater 
durability,  a  little  camphor  has  been  added.*  In  such  preparations 
the  neck  of  the  archegouium  ia  not  difficult  to  see  {Fig.  102a,^  c).  It 
conmtsot  from  two  to  four  stages  of  cells.    Under  the  neck  ip  t)be 
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fonnd  a  amall  cell  (cl),  which  corresponds  with  the  ventral  Canal- 
cell  of  the  VoHcnlar  Cryptogams ;  the  oosphere  divides,  in  order  to 
form  it,  shortly  before  it  is  ripe.  The  ventral  part,  or  body,  of  the 
arcbegoninm  is  snrronnded  by  a  layer  of  flattened  cells,  richer  in 
cell- eon  tents,  like  to  the  layer  which  we  aaw  aronnd  the  body  of  the 
arcbegonium  in  Ferns. — In  ordei-  to  inform  onrselves  as  to  the 
number  and  position  of  the  archegonia,  we  prepare  a  number  of 
sacceasiye  croas-aections  through  the  npper  part  of  the  ovule. 
In  this  way  we  show  that  from  three  to  five  archegonin,  arranged 
in  a  circle,  stand  in  the  apex  of  the  embryo-aac.  Sections  which 
have  laid  bare  the  apex  of  the  embryo-aac  show  ua  the  neck  of 
the  archegonia  in  apical  view  as  roaettes  of  six  or  eight  cells.  If 
oar  material  has  been  gathered  at  the  time  of  fertilization,  we 
may  be  able  to  follow  individual  pollen-tnbes  to  an  oosphere,  and 
find  in  the  lower  end  of  indiridnal  oospheres  [or,  as  they  have 
now  been  fertilized,  oospores]  a  four-celled  rosette,  from  which 
four  connected  sacs,  or  tuboa,  can  be  followed  into  the  tisane  of 
the  prothalluB.  The  four  end  cells  of  such  sacs  produce  the 
embryo,  the  long  sacs  themselves  are  the  snspenaon." 

The  seed  ripens  in  October.  It  then  easily  separates,  together 
with  the  wing,  from  the  fruit-scale.  The  wing  is  developed  on 
the  inner  side  of  the  seed,  between  it  and  the  frnit-acale,  and 
the  seed  later  falls  easily  from  the  wing,  leaving  behind  upon  this 
a  corresponding  hollow.  The  cells  of  the  skin  of  the  seed  are, 
as  cross  and  longitudinal  sections  readily  show,  thickened  almost 
to  the  obliteration  of  their  cavity.  A  portion  of  the  tiasne  of  the 
prothallns  remains  in  tho  seed,  as  albumen  or  flnd03p3rni,  densely 
filled  with  reserva  fool  materialB.  It  forms  a  eac,  enclosing  the 
embryo.  This  sac  is  opea  at  its'  micropylar  end,  and  here  the 
radicle  of  the  embryo  is  placed  against  the  displaced  remnant  of 
the  nucellns.  The  embryo  can  be  easily  made  out  in  seeds  cut 
in  the  dii'ection  of  their  length.  It  looks  like  a  cylinder,  gradually 
getting  thicker  towards  the  cotyledonary  end.  In  conaeqnence 
of  being  filled  with  reserve  food- materials  it  is  white,  and  as 
opaque  as  the  albumen  or  endosperm  of  the  seed.  We  prepare 
a  median  longitudinal  section  through  the  seed  between  the 
fingers,  and  lay  it  in  carbolic  acid  diluted  with  alcohol.  The 
figure  becomes  very  beautifnlly  clear,  far  better  than  in  potash, 
and  better  even  than  in  chloral  hydrate,  so  that  we  can  follow 
every  row  of  cells.  We  see  (Fig.  103)  that  the  COtyledoui  (c)  do 
not  reach  quite  a  third  of  the  whole  length  of  the  embryo.  At 
"  Bee  note  a  on  page  310a. 
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the  base  between  them  is  to  be  seen  the  growing  point  [punctum 
vegetationi)}  of  the  embryonic  atera  [the  plmuiile].  The  stem 
(canlicle)  itself,  which  is  distingaished  as  the  hypocotyledonai-y 
axis,  or  hypocotfl  (ft),  passes  without  clear  limitation  into  the 
root  (the  radicle).  This  is  for  the  most  part  re- 
presented only  by  a  growing  apei,  which  shows 
clearly  in  the  interior  of  the  body  of  the  embryo, 
but  is  in  reality  only  the  apex  of  the  plerome 
(pi)  of  the  root,, while  the  cell-rows  of  the  cortex 
[perlblem]  of  the  hypocotyl  pass  directly  into 
the  parabolic  layers  of  the  rootcap  (ep),  a  re- 
lation which  recors  in  all  roots  of  the  Gymno- 
sperms,  inasmuch  as  we  can  see  the  cell-rows  of 
the  cortex  of  the  body  of  the  root  pass  over  direct 
into  the  coil-layers  of  the  i^sot-cap  (cf.  Thuja,  p. 
186).  The  root-cap  is  traversed  in  the  direction 
of  its  long  axis  by  a  distinctly-uiarked  column  of 
tabular  cells,  arrflnged  in  straight  rows.  In  the 
hypocotyl  the  tissue  of  the  pith  (wi)  already 
begins  to  show,  and  around  this  the  elongated 
celts  of  the  pTOCambiom  rii^  (op),  in  which  the 
raot.oipi  all  iM  fibro-vasal  bundles  will  make  their  appearance. 
central  coiomn  i  n,      xijese  cells  can  be  traced,  moreover,  for  a  short 

pith  J    op,  procwn- 

binm  rias  in  Ui«  distance  along  the  median  section  of  the  cotylo. 
hypocoyi(xio).  ^^^  (compare  the  Fig.).  Thus  in  the  embryo 
the  essential  parts  of  the  future  plant  are  already  established. 


Fio.  103.— Longi- 
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the  apex  of  the  embiyo-eac.  nitb  tiro  Hrctasgoaia;  o.  ueckof  LhearcbesoDium';  d,  ventrftl 
cnnat-cell.  B,  apical  vieiT  of  an  ucbBgooinm.  C,  penetratioa  ol  a  pDlLen.(nbe  ibrangb 
Ibo canal  (JxlOOi  BanflCxKOJ. 

[Note'  to  paga  309.'] 
Some  further  details  of  the  eTubryology  of  Finm  may  be  here 
given.  Fig.  102a,  B,  shows  the  neck  of  the  archesonium, 
seen  in  cross-section.  If  fertiliKation  has  been  aecoraplished,  wo 
may  perhaps  be  able  to  trace  individual  pollen. tubes  right  to  the 
embryo  sao,  or  may  even  be  able  to  follow  it  into  the  archegoninn? 
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(Fig.  102a,  (?).  They  penetrate  between  the  cells  of  tbe  neck, 
and  reach  the  oosphere  (C).  This  may  take  place  under  the 
inflnence  of  some  substance  given  ofE  from  the  oosphere,  and  which 
acts  as  a  chemical  stimulas  apon  the  pollen-tube.  The  pollen- 
tnbes  arrire  at  the  embryo-sac  throng-h  the  conducting  tiusae  of 
the.  nucellna,  growing  in  the  direction  in  which  they  are  beat 
noartsbed.  The  pollen-tube  ia  densely  filled  with  fine  granules, 
which  the  addition  of  iodine  proves  to  he  starch.  In  apecialiy 
favourable  cases  we  can  see  near  the  apex  two  nuclei,  surrounded 
by  protoplasm  and  behind  which  are  the  masses  of  starch.  Those 
nuclei  are  much  clearer  in  alcohol  material,  from  which  G  in  Fig. 
102a,  was  obtained. — The  subsequent  phenomena  must  be  studied 
in  alcohol  material.  According  to  the  approved  method,  we  pre- 
pare numerous  delicate  sections,  which  we  examine  in  glycerine. 
Sections  which  are  too  thick  can  be  rendered  more  transparent 
in  potash,  but  this  reagent  must  be  used  with  great  care ;  the 
hardened  ooapheres  can  also  be  removed  from  the  archegonia 
by  needles,  and  examined  by  themselves.  In  oospheres  as  yet 
unfertilized  (Fig.  102b,  A),  we  see  the  approximately  central 
nnclena  (on),  which  on  the  side  towards  the  neck  of  the  arche- 
gonium  always  appears  denser.  We  can  also  often  see  the  ventral 
canal  cell  (cl)  ;  a  nucleus  in  its  interior  is  nanally  no  longer  identi- 
fiable, as  it  is  early  disorganized.  If  the  pollen-tube  has  penetrated 
to  the  oosphere,  we  may  be  able  to  see  a  nucleus  in  the  oosphere, 
under  its  tip  (Fig.  102d,  B  m),  which  is  infei-ior  to  the  oosphere- 
nucleus  in  size.  In  order  to  obtain  such  a  preparation  much 
patience  is  no  doubt  often  necessary.  The  small  nucleus  has  come 
from  the  pollen-fcube,  and  is  distinguished  as  the  spermo-iLiicleiiB, 
that  oppertaining  to  the  oosphere  being,  on  the  other  hand,  known 
as  the  OO-nHCleaa.  The  tip  of  the  pollen  tube  of  Ficea  is  finely 
porous,  in  species  of  Finus  it  shows  a  clear  pit,  but  this  would  not 
serve  for  the  passage  of  the  nucleus.  The  membrane  of  the  apex 
of  the  pollen-tnbe  is,  however,  very  soft,  and  would  offer  no  con- 
siderable resistance  to  the  passage  of  the  nucleus,  jnst  as  the 
Bfrolten  wall  of  tbe  apex  of  the  oogonium  of  Vaurheria,  offers  little 
resistance  to  the  passage  of  the  mass  of  plasma  which  is  squeezed 
through  it  prior  to  fertilization  (vide  p.  253).  Only  one  nucleus 
of  the  pollen-tube  fertilizes  the  oosphere;  while  the  other,  as  well 
as  the  starch-grains,  is  dissolved,  and  m»y  serve  towards  the 
nourishment  of  the  oospore.  The  spermo-aucleos  («n)  which  we 
see  in  the  oosphere  is  equivalent  to  a  spermatozoid  and  differs 
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from  the  sperm atozoid  of  the  Vascular  Cryptogama  (which,  as  their 
development  shows,  consist  of  little  besides  nucleav  substance),  in 
the  main  only  in  its  simple  unclear  form,  and  the  want  ot  organs  of 
motion.  In  these  cases,  where  the  aper  mo -nucleus  is  taken  by  the 
pollen-tube  to  the  place  where  it  is  wanted,  these  latter  have  become 
saperflnons,  and  the  simplification  of  its  form  is  no  doubt  due  to 
the  same  causes,  since  the  corksct-ew  shape  of  the  spermatozoida 
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oE  VascaUv  Cryptogams  certainly  taa  leference  to  their  move- 
ment. The  epermo-nncleas  thus  penetrated  into  the  oosphere 
sooQ  increases  in  size,  jnst  as  do  the  epcrmo-nnclena- forming 
spermatozoids  of  animals  after  their  entrance  into  the  oyam,  and 
mores  towards  the  oo-nncleus.  Preparations  may  be  found  which 
show  the  two  nuclei  in  coarse  of  fusion  (G).  The  nucleus  re- 
sulting from  their,  fusion  is  distingnished  as  the  ombiyonTicleiia. 
The  nest  stages  take  the  embryo-nucleus  into  the  end  of  the 
oospore  remote  from  the  neck,  where,  by  repeated  bipartition,  it 
forms  fonr  nuclei  lying  in  the  same  plane  (D).  These  are  sepa- 
rated from  one  another  laterally  by  partition  walla.  They  repeat 
their  bipartition  towai-ds  the  interior  of  the  oospore,  and  become 
separated  from  one  another  in  this  direction  also  (E).  The  fonr 
nuclei  lying  at  the  end  of  the  oospore  again  divide  in  the  same 
direction,  and  the  resulting  nuclei  which  lie  nearest  to  the  end  of 
the  oospore  once  more  divide.  Ultimately  therefore,  at  that  end 
of  the  oospore  which  is  farthest  from  the  neck,  we  find  three 
stages,  each  of  fonr  cells,  and  above  these,  in  the  general  body 
of  the  oospore,  fonr  free  nuclei  [F).  These  free  nuclei  enlai'ge 
very  considerably,  and  later  on  sink.  Of  the  three  stages  of 
cells,  that  which  is  nearest  to  the  neck  remains  as  a  four-celled 
rosette  at  the  base  of  the  archcgoninm,  the  median  ones  elongate, 
forming  the  "  embryonal  tubes,"  from  which  the  anspensor  is 
formed,  and  carry  the  cells  which  were  most  remote  from  the  neck 
of  the  archegonium  down  into  the  tissue  of  the  prothaliium  ((J). 
These  last  cells  constitute  the  rudimentary  embryo.  They  are 
distinguished  from  the  first  by  their  richer  contents,  and  soon 
divide  into  two  (so  early  as  Q),  and  then  into  three  stages. 

We  can  use  the  same  fir,  Picea  vulgaris,  Lk.,  in  order  to  study 
older  ovules  with  rudimentary  embryos.  We  can  either  use  the 
material  fresh,  and  at  intervals  of  about  eight  days,  or  the  material 
can  at  similar  intervals  be  laid  in  alcohol.  Such  material  can 
only  come  into  consideration  provided  the  investigation  is  not 
spread  over  a  long  period. — The  rudimentary  embryo  rapidly 
increases  in  size  and  in  nnmber  of  cells  by  the  formation  of 
periclinal,  anticlinal,  and  radial  walls.,and  takes  the  form  of  the 
adjoining  Fig.  102c,  A.  These  divisions  preclude  from  the  very 
first  the  existence  of  an  apical  cell.  After  the  embryo  has  further 
enlat^ed,  it«'  hinder  end  begins  to  develop  tubularly,  and  adds  to 
the  embryonal- tubes,  so  that  the  "  suspensor"  formed  from  these 
becomes  more  and  more  massive.     The  rudimentary  embryo  itself 
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.p  i  ei,  iu  eeutml  column ;  m,  plih ;  op,  ptocambial  rins  in  itie  hypocotj) 
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assomcs  e<  cylindrical  form,  becomes  opaque,  and  ib  cliea  very 
sharply  contrasted  with  the  transparent  soepensor.  When  the 
opaque  portion  has  obtained  a  length  of  abont  0'6  mra.  the  rudi- 
ment of  a  root  can  (after  the  nse  of  potash,  creosote,  or  chloral 
hydrate  has  made  it  transparent)  be  made  out  in  its  interior. 
This  is  differentiated  at  abont  0'15  mm.  distance  from  the  apes, 
and  always  by  pericHnal  divisiona  within  a  layer  of  semi-glob  ularly 
arranged  cells  (Fig.  102c,  S).  Henoeforth  this  root-apex  adds 
to  the  length  of  the  embryonic  axis  posteriorly  by  its  growth. 
Soon  the  other  end  of  the  embryonic  axis  bulges  in  its  middle 
portion  (B),  in  order  to  form  the  growing-apei  of  the  stem. 
Around  this  then  arise  in  considerable  number  the  rudiments  of 
the  seed-leaves  or  cotyledons  (0,  D,  and  E).  Now  all  the  parts  of 
the  embryo  are  present,  and  need  only  to  grow  in  order  to  attain 
the  structure  visible  in  the  ripe  seed.— Hitherto  we  have  concerned 
ourselves  solely  with  the  more  strongly  developing  embryo,  which 
nltimately  ia  alone  present ;  but  in  reality  several  if  not  all  of 
the  archegonia  give  rise  to  radimentary  embryos.  All  these  radi. 
ments  grow  ba«k  into  the  long  axis  of  the  body  of  the  pro- 
thallium;  that  one,  however,  which  originates  before  the  others, 
and  first,  therefore,  makes  nse  of  the  food-materials  stored  in  the 
tissue  of  the  prothallus,  develops  more  strongly,  and  ultimately 
ci-ushes  back  all  others.  At  the  time  when  the  cotyledons  show 
themselves,  the  rudimentary  embryo  already  lies  with  its  apex  at 
the  base  of  the  embryo  sac.  With  further  growth  the  radicular  end 
must  now  be  again  thrust  back,  and  nltimately  attains  the  position 
whence  the  whole  development  started.  The  easpensor  is  pressed 
upwards,  and  nltimately  rednoed  to  a  knot  of  disordered  cells. 
The  individual  cell-rows  constitnting  it  separate  easily  from  one 
another  (G). 


loy  Google 


'.  ASDRXCIDM  or  AKQI 


chapter  zsviii. 
the:  andbcecium  of  anqiosperus. 

Material  Wanted. 

FIowcr-bndB  of  various  ftgea  of  the  Day  Lily  (Remeroetdli$  fulva). 

Fresh,  or  in  alcohol.     Julj.     Any  other  large  liliaceous  flower 

will  do — e.g.,  any  Lily,  Tulip,  Hyacinth — thus  providing  fresh 

material  for  varions  times  in  the  year. 
The  same  of  Tradi-icantia  virginica  (July),  or  of  a  Leucojum. 
Flower-buds,  ready  to  o|)eii,  of  the  Evening  Primrose   (QSiiotheia 

bientiit),  Epili/bhinv,  or  Fuchsia.     Fresh. 
Flowers  of  Hollyhock  or  Mallow  (July),  any  Curcnrbit,  Calluni 

vulgaris   (the  Ling),  or  other  heath.   Azalea,   or  Jthododendron. 

Fresh,  or  in  alcohol. 
Qait«  freshly -opened  flowers  of  Sweet  Pea,  Poeony,  or  Everlasting 

Pea.    Fresh. 

The  male  sexual  organs  of  an  An^ospennODS  flower  form  col- 
lectively the  andrcecium.  The  individual  stamen^  consists  of  a 
usually  thread-like  stalk,  the  filameat,  and  the  anther.  This  last 
is  formed  of  two  longitudinal  halves  or  anther-lobes,  which  are 
separated  by  the  upper  part  of  the  filament,  the  so-called  con- 
nective. It  is  desirable,  however,  to  include  the  connective  with 
the  anther.  In  the  tissue  of  each  anther-lobe  are  usually  im. 
mersed  two  compartments,  or  polleii-sacs.  Each  compartment 
corresponds  with  a  micTOBporangium. — We  first  inform  onrselvea 
about  the  stamen  of  some  one  of  the  large-flowered  Liliacea; ;  for 
example,  Hemerocallie  fulva,  a  hardy  herbaceona  perennial  very 
widely  cultivated  in  gai'dena,  or  any  of  the  still  more  universally 
cultivated  white  or  tiger  Lilies,  Tulip,  Crown  Imperial,  etc.,  will 
do  equally  well.  The  yellow  filament  is  here  very  long,  becomes 
thinner  towards  its  upper  end,  and  tapers  very  sharply  at  the 
place' of  insertion  of  the  anther.  This  latter  ia  brown  in  fle- 
merocallie,  and  movable  (versatile)  upon  the  filament.  Tie  con- 
nective can  be  foUon'cd  along  the  outer  side  of  the  anther  aa  a 
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thin  stripe  between  the  two  anther-lobea.  The  ripe  pollen,  ob- 
served dry  upon  the  objeet-alide,  shows  the  form  of  coffee-berriea 
the  general  form  in  Liliacete,  It  appears  yellow,  ornamented 
with  a  network  of  ridges  on  its  snrEace.  If,  while  examining,  we 
allow  water  to  enter  from  the  edge  of  the  cover-glass,  we  see  that 
each  pollen-grain,  as  soon  as  wetted,  levels  np  its  furrow,  strongly 
bulges  out  on  the  corresponding  side,  and  takes  the  form  of  ft 
unilaterally  Battened  ellipsoid.  The  membrane  of  the  previously 
furrowed  part  shows  a  relatively  considerable  thickness,  is  colour- 
less, has  no  markings,  and  is  limited  sharply  against  the  sculptured, 
brownish  membrane.  Careful  focussing  of  a  pollen-grain  in  a 
favourable  position  shows  us  that  only  a  single  skin  surrounds 
the  pollen-grain,  that  the  colourless  part  tbins  oS  at  its  edges  and 
passes  direct  into  the  coloured.  Between  the  grains  in  the  pre- 
paration orange-red  oil  is  everywhere  present,  and  clings  also  to 
the  surface  of  the  grains,  giving  to  them  in  the  dry  state  their 
yellow  coloration.  The  contents  of  the  poilen-grain  appear  grey 
and  finely  granular.  After  a  short  time,  during  which  the  poUen- 
gi'ain  slowly  and  continuously  enlai^es,  it  bursts  and  empties  its 
contents,  in  the  form  of  a  worm,  into  the  auirounding  water.  In 
sugar  solution  of  suitable  concentration  the  grains  round  ofE 
without  bursting,  and  can  be  examined  uninjured.  If  we  allow 
concentrated  sulphuric  acid  to  act  upon  the  pollen-graina,  the  colour- 
less smooth  part  of  their  wall  i^  at  once  dissolved,  whilo  the 
sculptured,  brownish  part,  on  the  other  hand,  resists  :  it  is  cuti- 
cnlarized.  The  cuticularized  portion  has  therefore,  in  tho  open 
anther,  where  the  pollen-grain  is  fnrrowed,  to  serve  for  the  pro- 
tection of  the  entire  grain.  As  can  be  seen  upon  the  dry  grains, 
the  edges  of  the  cuticularized  parts  are  in  contact  along  the  fold, 
or  furrow,  so  that  the  non- cuticularized  portion  lies  completely 
concealed  in  the  fold.  It  first  comes  into  view  when  the  grain 
swells,  and  grows  out  into  the  pollen-tnbe.  An  eztine  and  an 
iatiue — t.e.,  a  special  outer  and  inner  coat — is,  however,  as  we  see, 
not  to  be  distinguished  upon  the  pollen-grains  of  Semerocallig, 
heeanse  the  wall  nowhere  shows  a  donble  composition.  Its  cuti- 
cularized portion  functionates  as  an  cxtine,  while  the  non-cuticn- 
larized  part  behaves  just  as  does  the  intine  in  other  cases. — Under 
the  inflnence  of  sulphuric  acid  the  structure  of  the  cuticularized 
membrane  is  very  clear.  Examined  from  above  with  strong 
magnification,  it  shows  a  meandering  network  with  elegantly  wavy 
walls.      In  many  mesbes  we  can  see  lying  a  bine  body,  with 
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tiregnlar  ontline,  waicK  represents  the  oi],  previonsly  yelloi 
become  blue  ■with  aulphnrio  acid.  The  cuticularized  i 
itself  has  become  yellow.  If  we  now  foens  for  the  optical  section, 
we  recognise  readily  a  connected  baaal  wall,  npon  which  are  the 
projecting  ridges.  The  ridgea  are  swollen  at  their  enter  angles, 
so  that  in  optical  section  they  appear  club-shaped.  In  surface- 
view  the  areas  at  the  bottom  of  the  meshes  appear  finely  dotted, 
and  the  optical  section  shows  that  these  dots  are  in  reality  minnte 
knobs,  which  are  upon  the  basal  wall.  After  some  honrs'  action 
of  the  sulphuiic  acid,  the  membrane  assnmes  n  red-bromn  colora- 
tion, while  the 
contents  of  the 
pollen- grain, 
which  have 
come  out,  are 
at  the  same 
time  stained 
rose-red,  a  re- 
action    which 

often  shows 
with  sulphuric 
acid." 

We  now  pre- 

tions  through 
the  anthers ; 
first  it  would 
be     well     to 


tun 


in  tlirtingU 


B.  xae.  «,  epidermioi  /,  lbs  fibrona  lajor  [mBsotbacium]  formed 
iiowt!i--uua  laier ;  c,  Iho  layer  lo  De  displaced ;  I,  tha  tspetal  Inyer,  (o  be  ra- 
onlv        about       aorbcdlalaron;  )Hii.poU6nniother.calla(x  aio).   D  Bud  E,  diri«iOQ 

two-thirds 

grown,  and  cut  cross- sections  through  this.  The  sections  of  the 
perianth  are  then  removed  from  the  preparation  with  the  needles. 
Although  we  have  chosen  so  young  a  flower  for  investigation,  we 
nevei-theiess  find  all  the  pollen-sacs  open.  Their  opening  is  effected 
very  easily,  and  is  brought  about  by  the  pressure  of  the  razor  in 
cutting.  The  adjoining  figure  (Fig.  104,  A)  will  assist  our  con- 
ception. The  walls  of  the  pollen-sacs  separate  away  (at  p)  from 
the  partition  walls  separating  the  two  sacs  of  each  antber-Ioba 
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Hence  such  an  anther  ■when  ripe  is  commonly,  by  systematists, 
said  to  be  "2-celied."  They  thna  reduce  their  curvature.  The 
two  anther-lotes  are  connected  together  by  the  narrow  connective, 
traversed  by  a  flbro-vasal  bundle  (/).  If  we  now  examine  the 
cross-section  with  stronger  magnification,  we  see  most  outwardly 
the  epidermis  of  flat  cells  filled  with  violet  cell-sap.  These 
epidermal  cells  are  bulged  outwards.  At  the  edges  of  the  walls  of 
the  sacs  they  are  rapidly  reduced  to  a  small  height.  Here  the 
separation  from  the  middle  partition  wall  takes  place.  Stomata 
are  scattered  over  the  whole  surface  of  the  anthers.  A  small  air- 
chamber  lies  under  each  of  these.  To  the  epidermis  follows,  on 
the  wall  of  the  sac,  a  single  layer  of  comparatively  high  cells,  with 
annular  thickenings,  the  so-called  fibroos-layer  or  mesotheoinm. 
The  rings  on  these  cells  are  arranged  perpendicularly  to  the 
surface ;  they  pass  over  partially  into  spiral  thickenings,  and 
branch  frequently  into  a  network.  Towards  the  dorsal  side  of  the 
anther  the  walls  of  the  sac  become  gradually  thicker,  the  fibrous 
layer  being  doubled.  The  I'emainder  of  the  body  of  the  anther  is 
likewise  constructed  of  fibrous  cells.  Only  the  cells  which  sur- 
round the  fibro-vasal  bundle  of  the  connective,  and  those  (y)  which 
form  the  partition  wall  between  the  pollen-saca,  are  without 
thickening  ridges.  In  order  to  prepare  surface- sections  of  the 
anther,  we  again  select  a  flower-bud  about  two-thirds  developed. 
The  snrf ace -sections  show  that  over  the  sacs  the  epidermal  cells 
are  longitudinally,  the  cells  of  the  fibrous  layer,  on  the  other  hand, 
are  transversely,  elongated.  Not  so  on  the  dorsal  surface  of  the 
anther,  where  the  fibrous  cells  appear  more  isodiametric.  Over 
the  sacs  the  thickening  ridges  on  tho  outer  side  of  the  fibrous  cells 
are  weaker,  often  scarcely  recognisable.  In  dryii^,  the  cells  of 
the  fibrous  layer  contract  in  tangential  direction  transverse  to  the 
long  axis  of  the  localus ;  they  are  hindered  in  radial  contraction 
by  the  thickening  ridges.  On  the  outer  surfaces,  where  the  thick- 
ening ridges  are  weak,  the  contraction  of  the  fibrous  cells  has  more 
effect,  whence  the  ontward  oorvature  which  results  in  the  ruptnre 
of  tho  loculi.' — Often  in  Angiosperms,  as  in  Taxus,  the  thickening 
is  entirely  wanting  on  the  outer  surface  of  the  fibrous  cells  of  the 
wall  of  the  sac,  so  that  the  thickening  ridges  show  U-shaped 
or  basket-shaped  figures  open  towards  tho  exterior;  it  is  clear  that 
such  a  disposition  assists  the  wall  of  the  sac  in  becoming  concave  on 
its  oater  side. — In  order  to  atndy  closely  the  relations  of  the  fila- 
ment with  the  anther,  we  prepare  a  median  longitudinal  section 
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which  falls  between  the  two  anther-lobes,  through  the  npper  paj^ 
of  the  Btamen.  We  aee  the  filament  thin  off  Tery  strongly  at  the 
point  of  insertion  of  the  anther.  Its  handle  enters  into  the  con- 
nective, and  paasea  through  it,  gradaallj  becoming  attenuated, 
almost  to  the  apex  of  the  anther.  The  non-fibroaa  cells,  snr- 
ronnding  the  fibro- vasal  handle,  which  we  saw  in  the  cross- section, 
can  likewise  be  followed  ont  of  the  filament  into  the  connective. 
la  order  to  obtain  closed  pollen-sacs  in  cross- sections,  we  mast  go 
back  aaccessively  to  younger  and  joonger  fiower-bnds  so  long  as 
it  proves  necessary  (Fig.  104,  B). 

Now  prepare  cross-sections  through  a  flower-bud  about  J  inch 
high,  and  we  shall  6nd  the  wails  of  the  sacs  consisting,  besides 
the  epidermis  (Fig.  104,  0,  e),  of  two  or  three  layers  of  flat  (/,  c), 
and  one  layer  of  radially  elongated  cells  (()■*  These  last  surronnd 
the  entire  sac.  The  interior  is  filled  mth  polygonal  pollen 
mother-cellB. 

If  we  next  prepare  cross- sections  through  a  flower-bad  about 
i  inch  in  height,  we  shall  see  the  polleu  mother-cells  already 
isolated  and  in  coarse  of  division.  These  pollen  mother-cells  are 
recognisable  by  their  white,  thick,  strongly  refractive  wall ;  their 
contents  are  divided  into  two,  or  already  into  foar  cells,  which  lie 
in  one  (Fig.  104,  B),  or  in  two  planes  at  right  angles  (Fig.  104,  E). 
These  pollen-grains,  therefore,  like  spores,  are  produced  by  quadri- 
.  partition  inside  their  mother-cells.  The  wall  of  the  anther  is 
lined  by  tapetal  cells,  which  are  filled  with  yellow-brown  contents. 
These  constitate  the  inneimost  layer  (()  clothing  the  sac.  In 
the  next  older  Sower-buds  the  walls  of  the  pollen  mother-cells  mc 
dissolved;  the  young  pollen-grains  lie  free  ;  the  tapetal  cells  have 
for  the  most  part  lost  their  independence,  their  contents  have 
penetrated  between  the  young  pollen-graios.  The  layer  of  flat- 
tened cells  (/)  underlying  the  epidermis  has  strongly  developed, 
and  forms  the  fibi'ous  layer,  while  the  nest  inner  layer  is  crushed 
and  disorganized.  Ultimately,  as  still  older  buds  show,  the  un- 
consumed  portion  of  the  tapetal  cells,  especially  in  the  periphery 
of  the  sac,  takes  on  an  intense  yellow-brown  coloration,  a  glis- 
tening oily  appearance,  and  so  forms  the  oily  substance  which 
clings  around  and  upon  the  pollen-grains. 

The  species  of  the  genus  lAlium  agi'ee  with  Hemerocallis.  The 
processes  of  differentiation  in  the  anther  commence  here,  however, 
later.  In  flower-buds  of  the  white  Lily,  Lilvum  candidum,  of  L. 
(Toceum  and  others,  fonr-fifths  of  an  inch  high,  the  pollen  mother- 
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cells  first  begin  to  dic.de.  In  cross- sections  through  fresli  flower- 
buda  tlie  large  tapetal  cells  are  very  striking  from  tbo  yellow- 
brown  coloration  of  their  contents.  The  hypodermal  cells,  as 
well  as  all  the  others  which  are  later  on  provided  with  thickening 
ridges,  are  densely  filled  with  starch- grains. 

Fnnhia  ovata  [May]  provides  likewise  a  very  favourable  object 
for  investigation,  and  agrees  with  Semerocallis  and  IiUiwrn,  as  also 
do  Agapanthua  wmbellatus  [Greenhouse,  April]  and  many  others. 
Tulipa  [the  Tulips,  April,  May],  and  Hyaeinthua  orientalig  [tho 
Hyacinth,  January — May]  are  likewise  good  to  use.  In  Tulipa 
the  filament  under  the  anther  tapers  so  sharply  that  this  latter 
will  draw  ofE ;  in  Kyacinthus  the  anthers  are  almost  sessile  on  the 
perianth  segments. 

Tradescwntia  virgmica  does  not  cut  so  well,  but  we  examine  them 
with  respect  to  their  pol  ten-grain  a.  Cross-sections  through  flower- 
buds  which  have  attained  about  two-thirda  of  their  definite  length, 
show  us  the  two  halves  of  the  anther  separated  by  a  connective 
elongated  somewhat  considerably  in  cross-direction.  The  walls  of 
the  sacs  are  already  reduced  to  two  layers,  and  the  thickening 
ridges  already  formed  in  the  inner  layer.  The  yonng  pollen-grains 
lie  embedded  in  a  yellow-brown  substance,  the  origin  of  which  from 
the  tapetal  cells  is  already  known  to  ns.  The  partition  wall 
between  the  two  sacs  of  each  anther-lobe  is  here  strongly  devel- 
oped, and  projects  so  far,  that  externally  scarcely  any  depression 
between  the  two  sacs  is  to  be  seen.  At  the  place  of  insertion  of 
the  walls  of  the  sac  npon  the  partition- wall,  the  fibrons  layer  ends 
suddenly,  and  here  also  the  dehiscence  takes  place  later  on.  Sur- 
face examination  of  the  walls  of  the  sacs  shows  in  this  case  also 
a  longitudinal  direction  of  the  epidermal  cells,  a  radial  direction  of 
the  fibrous  cells,  and  an  almost  complete  absence  of  thickening 
ridges  on  the  outer  wall  of  the  cells. 

If  we  examine  with  a  lens  the  stamens  of  a  bud  which  is  ready 
to  eiLpand,  we  shall  see  the  beautiful  snlphnr-yellow  anthers  fired 
npon  violet  filaments  covered  with  violet  hairs.  .  The  dry  pollen- 
grains  are  folded  (or  grooved)  on  one  side  (Fig.  105,  A). 

In  water  the  fold  is  levelled  out,  and  the  grains  become  almost 
ellipsoid ;  but  the  side  which  was  furrowed  is  more  strongly  bulged. 
Its  membrane  is  decorated  with  fine  sinnons  lines ;  the  furrowed 
side  also  shows  this  structure,  and  is  distinguished  only  by  its 
somewhat  brighter  coloration,  and  somewhat  weaker  cuticulariza- 
tion.     In  the  finely  granular  contents  can  be  distinguished  two 
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brighter  homogeneous- looking  spots  (B).  These  &re  the  two 
nuclei,  of  which  the  one  appears  worm-shaped,  and  the  other 
elliptic.  The  other  contents  of  the  poUen-gi-aius  are  pretty  nni- 
formly  6nely  graonlar.  The  pollen-grains  after  some  time  begin 
to  flatten,  whereby  the  nnclei,  together  with  the  contents,  are 
pressed  out.  The  two  nnelei  can  be  seen  very  beautifnlly  if  the 
pollen-grains  are  crushed  in  a  drop  of  acetic  methyl-green,  or 
acetic  iodine-green.  The  worm-shaped  nncleus  stains  more  deeply, 
and  in  coming  ont  often  elongates  considerably.  If  the  pollen- 
grains  are  placed  in  the  regents  in  question,  but  without  crash- 
ing, the  nnclei  show  *"  .  ■>  «■ 
their  natural  position  in-  _ 
side  the  grain,  the  worm- 
shaped  nuclens  always 
staining  very  strongly,  i 
the  elliptic,  on  the  other  | 
hand,  somewhat  more  ' 
weakly.  The  rest  of  the 
pollen -grain  remains  at 
the  same  time  nnstaiaed. 

HiL        _   II   _  ■_        ■_  Fio.  lOS.— Trails icanlia  Rririiifcii.   J  pollen  ffraln 

the    poUen-gmini,    m     „,,,,  i.,^,,  „.  y.^  ,.«„„." „.^, 

water  have  a  drop  of  po-       shoiring   ihs  nproductlTs    uid    TegetaUve  cells 

tassium-iodide-iodine  aolu< 

tion  added,  we  see,  after  crashing  the  grain,  nnmerous  email  bine 
starch-graanles  in  the  extmded  yellow-brown  contents. — If  we  go 
back  to  the  younger  flowers,  and  remove  the  anthers  from,  a  bud 
about  f  inch  long,  and  crush  them  in  water,  we  sball  see  part  of 
the  poUen.grains  with  one  nucleus,  part,  as  in  Fig.  105  C,  where 
two  nuclei  lie  close  together.  These  two  nuclei  are,  however, 
separated  by  a  cnrved  partition  wall,  which  encloses  one  nncleus 
together  with  a  little  protoplasm.  This  cell,  in  basal  outline  almost 
circular,  lies  always  upon  the  flatter  aide  of  the  grain,  which  later 
on  is  opposed  to  the  fold,  or  furrow.  In  somewhat  older  flower- 
bnds  we  can  see  that  this  cell  has  separated  from  the  wall  of  the 
pollen-grain,  and  nes  tree  in  the  contents  of  the  grain.  It  has 
elongated,  and  correspondingly  thinned,  and  at  the  same  time 
tapered  at  both  ends ;  with  the  exception  of  the  two  ends,  it  is 
filled  by  its  nucleus.^  In  pollen-grains  which  are  almost  ripe,  the 
special  boundary  around  this  nuclens  has  disappeared ;  it  lies 
therefore  completely  free,  and  has  elongated  still  more  vermi- 
formly.     Comparison  with  the  Gymnosperms  indnces  as  at  first  to 
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consider  the  amall  cell  as  the  vegetative  one;  in  point  of  fact, 
however,  it  ia  the  generatiTfl  cell,  and  it  is  its  more  deeply  stain- 
ing nnclens  which  effects  fertilization.* — These  observations  can, 
fts  far  as  the  youngest  stages  are  concerned,  be  carried  on  in  pure 
water ;  for  the  oldest  stages  we  mnst  bring  acetic  methyl-green 
or  acetic  iodine-green  to  our  aid. — The  species  of  Leucojwm  [Snow, 
fiake]  agree  with  Tradescantia. 

The  Crown  Imperial,  Fritillaria  imperialiB,  presents  another 
favourable  object  for  investigation.  In  sections  of  alcohol  material, 
lirst  placed  in  water,  and  then  stained  with  logwood,  the  two 
nuclei  in  each  pollen-grain  can  be  seen  very  beauttfnlly. 

If  we  open  a  bud  of  (Enothera  biennis  [the  Evening  Primrose] 
which  is  ready  to  expand,  we  shall  find  that  the  anthers  have  already 
dehisced  and  set  free  their  pollen.  These  latter  are  suspended 
between  the  anthers  by  cobweb-like  threads.  If  such  threads  are 
stretched  out  upon  an  object-slide,  they  appear  under  the  micro- 
scope as  exceedingly  delicate  threads,  partly  stretched  straight, 
partly  tangled.  The  pollen-graina  in  a  dry  state  are  opaque,  but 
their  three-cornered  form  is  at  once  noticeable.  In  water,  with 
stronger  magnification,  they  show  as  Battened,  symmetrically 
triangular  bodies,  with  rounded  projecting  angles.  At  the  base  of 
each  of  these  rounded  comers  an  annular  thickening  of  the  mem- 
brane of  the  pollen-grain  is  to  be  seen.  The  contents  of  the  pollen- 
grain  appear  finely  granular;  the  two  nnclei  are  only  recognisable 
in  the  contents  of  the  ripe  grain  with  extreme  difficulty.  In 
snlphuric  acid  the  pollen  membrane  assumes  a  red-brown  colour. 
By  it  an  outer,  thin,  yellow- coloured  layer  is  raised  from  the  body 
of  the  pollen-grain,  forming  folds  upon  an  inner,  thicker,  red-brown 
layer.  Both  layers  coalesce  in  the  wall  of  the  corners.  From  the 
side  walls  of  the  comers  fine  teeth  project  inwards,  so  that  these 
walls  appear  as  if  porous.  The  apex  of  the  comers  ia  dissolved 
by  the  aulphnric  acid.  The  fine  threads,  binding  the  pollen-grains 
together,  resist  water,  sulphuric  acid,  and  potash,  and  are  insoluble 
also  in  alcohol.  If  the  grains  are  treated  with  25  per  cent,  chromic 
acid,  their  membrane  is  soon  dissolved,  and  in  all  cases  the 
strongly  cuticularized  jmrtiou  somewhat  earlier  than  that  which  is 
either  not,  or  but  slightly  cuticularized,  which  remains  for  a  time 
as  colourless  swollen  caps  on  the  projecting  corners  of  the  plasmic 
contents.  Later  on,  these  also  are  dissolved  ;  and  ultimately  even 
the  cobweb  threads  between  the  grains  do  not  resist  the  chromic 
aci.l. — From  tho  stigma  of  an  older  flower  pollen -grainc  can  be 
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lifted  off  which  have  already  developed  poUen-tttbes.     The  form- 

ation  of  tubes  takes  place  commonly  only  at  one  comer,  or  else, 
of  the  tnbea  formed,  only  one  further  develops.  The  membrane 
of  the  tube  ia  continnons  with  the  side-walls  of  the  comer ;  a 
specially  limited  intine  is  not  present.^ 

Longitadinal  sections  of  the  arms  of  the  style  of  flowers  which 
are  past  their  prime,  will  show  the  poUen-tnbes  developed  from 
the  cornei-s  of  the  pollen-grains,  traversing  the  tissue  of  the  style. 
With  magenta  the  contents  of  the  pollen-grains  and  tabes  will  com- 
monly stain  deeply,  the  tissue  of  the  style  only  very  slightly ;  and 
hence  the  poUen-tubes  can  be  traced  with  great  ease,  and  often  in 
large  numbers.  Instead  of  (EnotJwra,  an  Epilobium  [Willowhert] 
or  a  Fuchsia  can  be  used  for  the  investigation. 

We  will  consider  still  some  other  pollen-grains  of  specially 
characteristic  form.  The  Malvacee  are  distinguished  by  remark- 
ably large  pollen-grains;  we  examine  those  of  the  Hollyhock, 
Althcea  rosea.  In  water  these  appear  globular,  opaque,  studded 
with  colourless  spines.  They  become  very  beautifully  transparent 
in  carbolic  acid  and  in  chloral  hydi'ate,  much  less  so  in  oil  of 
cloves,  still  less  in  oil  of  lemon.  Tlie  preparations  are  best  in 
carbolic  acid,  so  that  we  will  keep  to  this.  Their  surface  view 
shows  us  that  the  colourless  membrane  is  studded,  at  approxi- 
mately equal  distances,  with  large  pointed  spines.  Between  these 
are  scattered  others,  short,  blnnt,  of  variable  thickness.  Hegularly 
distributed  circular  openings,  appearing  rose- coloured,  traverse 
the  membrane.  The  basal  surface  of  the  membrane  is  finely 
punctate.  The  contents  of  the  pollen-grain  appear  uniformly 
finely  granular,  the  nuclei  are  very  difficult  to  distinguish.  The 
optical  section  of  the  grain  shows  us  clearly  the  form  of  the 
large  and  small  spines,  and  of  the  canals  penetrating  the  membrane. 
An  exceedingly  delicate,  but  nevertheless  existing,  intine  can  be 
traced  only  as  a  boundary  to  the  contents ;  it  bulges  a  little, 
papilla-like,  into  the  canals  of  the  extine.  In  concentrated  sul- 
phuric acid  the  extine  is  quickly  stained  red-brown,  aud  its  struc- 
ture  is  then  very  cleai'Iy  shown. 

The  pollen-t,j.'ains  of  moat  other  Malvacese  resemble  those  of 
Althwa.  In  Malva  criapa,  a  hardy  annual  species  not  infre- 
quently cultivated,  for  example,  the  pollen.grains  are  shaped  just 
ae  in  Althsa,  excepting  that  the  spines  on  the  membrane  are  all 
alike ;  between  the  spines  lay  scattered  the  pores  or  canals ;  the 
membrane  appears  besides  finely  punctate. 
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We  will  use  the  large  poUen-graina  of  Althiea  rosea,  or  of  Malva 
rriapa,  for  the  pnrpoBe  of  preparing  seotiona  through  them.  Bear- 
ing in  mind  the  very  ti-ifling  difference  between  the  two,  we  will, 
however,  make  nse  of  the  latter.  Material  hardened  in  alcohol  ia 
best  for  OTir  purpose,  and  we  lay  it  before  nse  in^a  mixture  of  eqiial 
parts  alcohol  and  glycerine.  We  prepare  a  thick  eolation  of  gum, 
to  which  we  add  a  small  quantity  of  glycerine,  place  a  drop  of  this 
solution  npon  the  smooth  end  of  a  piece  of  elder-pith,  and  place 
some  pollen-grains  on  the  drop.  These  are  mixed  with  the  gum, 
and  then  the  drop  either  allowed  to  dry  in  the  air,  the  elder-pith 


Wia.  ]Mi.— PoUen-gt»inB  of  VaUa  oriipa.  A,  Pieoa  of  t,  gr»ln  ueu  from  tbs  inrfnee. 
B,  Portion  of  b  Bcciion  tlirough  n  gi^in.  C,  n  poUcn-gr«1n  remoTed  from  tbfl  Btlgmn,  md 
■boiTJog  po]L«a-tubeB.  S,  portion  of  s  Blmllu  gnin  in  opUcBl  >es(ion.  [A,  B,  and 
D,xS40,  0,x2W). 

being  placed  in  &  perpendicular  position,  of  else  hardened  by 
laying  for  several  hours  in  alcohol.  After  this  has  happened,  wB 
prepare  delicate  sections  throngh  the  gum  with  a  sharp  razor. 
The  sections  can  be  small  to  any  degree,  but  must  be  exceedingly 
thin.  They  are  laid  in  water  or  in  dilute  glycerine,  whereby  the 
gam  is  dissolved  and  the  enclosed  sectiona  of  pollen-graina  are  set 
free.  In  such  aectiona  the  structure  of  the  wall  of  the  pollen* 
grains  can  be  studied  in  all  ita  pecnliaritiea.     Such  a  section  of 
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Malva  oritpa  (Fig.  101a,  B),  shows  the  extine  to  consist  most 
exteriorly  of  ft  delicate  onter  layer  beset  with  spines,  next  a  delicate 
"  rodlet  layer,"  which  con'esponds  with  the  dots  seen  in  surface 
view  (Fig.  XOik,  A),  and  a  thick  homogeneons  inner  layer,  forming 
convex  projections  inwards.  The  intine  is  swollen  under  the  canal- 
like openings,  elsewhere  forms  a  delicate  skin.  If  such  a  Bection  is 
treated  with  cl^lorzinc- iodine,  the  outer  layer  of  the  extine  and  the 
spines  scarcely  atain  at  all,  the  thickening  layer  of  the  extine  stains 
yellow-brown,  and  the  intine  bine.  The  cortex  of  the  pollen-grains 
swell  and  colour  violet,  owing  to  the  presence  of  the  atarch-grains,  ' 
which  swell  and  colonr.  The  unstained  as  well  as  the  stained 
sections,  provided  they  are  extremely  thin  and  strongly  magnified, 
show  UB  that  the  pores  of  the  estine  are  closed  externally  by  a  veiy 
delicate  membrane,  the  outermost  layer  of  the  extine,  which  passes 
over  them.  Delicate  sectiona  throagh  the  contents  in  perfectly 
ripe  pollen-grains  no  longer  allow  ns  to  recognise  the  two  nnclei 
which  previonsly  were  present  and  readily  recogniaable.  Aa  we 
may  readily  Bsaume,  they  have  fallen  into  small  fragments. 

If  WB  examine  the  stigma  of  an  old  flower  of  Malva  criupa  UTiier 
the  simple  microscope,  or  with  a  strong  lens,  nuraeroua  pollen- 
grains  will  bo  found  upon  it.  On  the  side  turned  towards  the 
stigma  these  will  have  produced  numerous  pollen-tabes.  If  such 
agrain,  the  pollen-tabes  of  which  are  still  short,  be  removed  and 
examined,  we  can  readily  determine  that  the  poUen-tnbes  come 
from  the  canals  or  pores  of  the  membrane  of  the  grain  (Fig.  104a, 
G).  This  is  shown  still  more  beautifully  in  optical  section, 
after  the  grain  has  been  made  transparent  in  carbolic  acid  (Fig. 
104*,  B). 

The  large  pollen-grains  of  the  species  of  Cueurhita  have 
always  been  specially  noticeable  for  the  valTU  which  close  the 
places  of  egress  in  the  extine.  In  water,  yellow  oil-drops  come 
oS  from  the  snrface  of  the  extine,  the  grains  soon  evacuate  their 
contents,  and  the  stmctare  of  the  membrane  then  becomes  clear. 
The  extine  is  studded  with  regularly  distributed  large  spines,  and 
between  them  very  numerous  small  ones.  The  places  of  egress 
are  round,  the  valve  is  lifted  up,  either  on  one  side  or  altogether, 
bj  the  papilla-like  bulging  of  the  intine.  The  valve  has  the  strac< 
ture  of  the  surrounding  extine,  and  bears  one  or  more  spines. 
Very  good  figures  are  obtained  in  oil  of  lemon,  less  useful  in  oil 
of  cloves.  On  the  other  hand,  the  figures  in  chloral  hydrate  are 
to  be  preferred  to  those  in  carbolic  acid.     In  a  word,  the  most 
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favourable  clearing  mediam  for  each  object  must  be  found  by 
experiment.  Upon  the  preparations  in  oil  of  lemon  and  chloral 
hydrate  we  can  detenni^ie,  by  optical  sections,  the  poiiition  of  the 
valve  inside  the  extine,  in  which  it  is  foand  wedged  with  its  base 
somewhat  broadening  inwards.  Under  the  valve  can  be  seen  the 
bnlging  of  the  intine.  In  sulphuric  acid  the  oil-drops  on  theoitine 
become  blue.  The  eitine  slowly  becomes  brown.  The  valve  is 
thrnst  off  by  the  swelling  contents.  In  25  per  cent,  chromic  acid 
the  entire  pollen-membrane  is  Boon  dissolved ;  the  intine  resists 
somewhat  longer,  and,  at  the  moment  when  the  extine  disappears, 
can  be  followed  as  a  strongly  swollen,  homogeneous  membrane. 
The  pollen-grain  has  previously  emptied  itself,  whereby  the  obser- 
vation of  the  intine  is  considerably  facilitated.  In  aulphnric  acid, 
on  the  other  hand,  the  intine  is  immediately  dissolved,  the  extine 
remains,  the  extruded  con- 
tents of  the  pollen-grain 
are  gradually,  as  in  other 
cases,  coloured  rose-red. 

The  pollen-grain  of 
Cucurbit  a  is  represented 
in  the  adjoining  Fig.  I04b, 
in  A.  A  complete  insight 
into  the  structure  of  the 
membrane  of  the  pollen- 
grain  can  be  obtained 
JPio.  Kla—A,  whole  pollen-grain  of  Cwnirlita  here  also  by  means  of 
^on"°«ke'n(rTm"»*'l4°t™fion'to'oU  t't'^^  croSS- sections,    which      we 

ST  °''''  "°""*'"™  ""'"*''  ■*"  "^'■""'^      way  as  described  above  for 

Malva.     The  cross-section 

(Pig.  I04b,  B)  shows  clearly  the  mode  of  insertion  of  the  valves, 

that  they  appertain  to  the  extine,  and  the  structure  of  the  intine. 

Of  componiid  pollfln-graiiLB,  which  occur  alike  in  Monocotyledons 
and  Dicotyledons,  we  will  first  take  those  of  the  Ling,  Galluna 
vulgaris.  The  grains  here  are  joined  in  fours,  and  usuallygrouped 
tetrahedrally.  The  pollen-membrane  shows  only  slight  protuber- 
ances, and  usually  three  places  of  egress  for  each  grain.  The 
various  species  of  Erica,  Azalea,  and  Rhododendron  agree  in  all 
essentials  with  Calluna.  In  species  of  Acacia,  as  in  the  Mimosew 
generally,^  the  pollen-grains  form  groups  of  4,  8,  12,  and  16,  and 
even  more  cells,  bat  can  occur  also  separately. 
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In  a  from  3  tii  30  per  cent,  sugar  solTitioa,wbiclt  contains  1'5  per 
cent,  gelatine,  most  polleu'^raina  i-eadily  pnt  oat  tubes,  in  which, 
protoplasmic  movement  ia  beantitally  seen.  The  foi  mation  of  tnbes 
takes  place  qaite  certainly  and  rapidly  in  5  per  cent,  solation  of 
sngar  and  1"5  per  cent,  gelatine  from  tbe  pollen-grains  of  Pieonia, 
Staphylea,  and  even  from  Tradeseantia,  when  the  pollen-grains  are 
taken  from  freshly  opened  flowers.  The  moat  favourable  objects 
are  perhaps  species  of  Latkyrae,  e.g.  Sweet  Pea,  Everlasting  Pea, 
etc.,  in  15  per  cent,  solution  of  sngar  and  1'5  per  cent,  gelatine. 
This  eolation  mnst  be  freshly  prepared,  the  sowing  is  best  per- 
formed in  a  suspended  drop  in  a  moist  chamber  (see  p.  238). 

On  the  artificial  production  of  pollen-tubes  a  few  more  words  of 
advice  may  be  given.  Though  many  pollen-grains  have  a  wide 
range  in  this  respect,  for  most  the  degree  of  concentration  of  the 
sngar  solution  is  of  vital  importance,  and  therefore  it  ought  to  be 
experimental ly  determined  for  each  species.  A  few  further  cases 
maybe  given,  spring  water  being  always  preferred  to  rain  water. 
Most  species  of  AlUuin  (onion)  produce  their  pollen-tnbea  in  a  3 
per  cent,  solution  of  sugar,  and  show  active  protoplasmic  stream- 
ing. Tulvpa  Gesfieriana,  requires  from  1  to  3  per  cent,  sugar ; 
pollen-grains  of  Leumjn'm,  mstloum,  (snowflake)  germinate  very 
easily  and  rapidly  in  3  to  5  per  cent.,  and  tbe  same  with  Narcissus 
poeiicMS  (pheasant-eye  narcissns)  ;  CunvaUaria  viajalig  (lily  of  tbe 
valley)  in  5  to  20  per  cent. ;  Iris  sibirica  in  from  30  to  40  per 
cent.  The  pollinia  of  orchids  prodnce  pollen-tubes  in  from  5  to 
10  per  cent,  sugar,  usually  after  from  20  to  40  hours.  Amongst 
Dicotyledons  the  pollen-grains  of  Torenia  asiatiea  germinate  very 
readily,  producing  pollen  tubes  in  10  per  cent,  sugar  solution  after 
about  two  hours,  and  the  tnbe  grows  so  rapidly  that,  with  strong 
magnification,  its  tip  can  be  seen  to  move  across  the  field  of  view. 
Species  of  G^<!emia  behave  in  much  the  same  way  in  10  per  cent. 
solution;  Papaver  (poppy),  1  percent.;  Viola  tricolor  (pansy),  30 
per  cent. ;  AriipelopsU  hederacea  (Vii^inia  creeper)  20  to  30  per 
cent.  In  all  these  cases  15  per  cent,  of  gelatine  ia  added. — The 
pollen-graina  invert  the  cane-sugar  of  the  culture  fluid,  the  in vertin 
being  present  in  the  grain  prior  to  germination.  The  pollen  grains 
likewise  contain  diastase,  and  are  capable  therefore  of  diasolving 
starch-paste  if  present  in  the  culture  fluid. 
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NOTES  TO  CH4PTEB  XXVm. 

'  On  Stamen  and  Follea  compare  v.  MoLl,  Ueber  den  Ban  viid  dU  Formeo 
tier  PolUnkSmer,  ISSi.  Fritsohe,  Ueber  den  PoUen,  Mim.  de  lav.  €\ 
1836.  Naegeli,  ZmEniviicklanst.  d.  Poll,  bei  dtn  Phaturogameii,  1842.  Schachl. 
Jalirb.  f.  wUi.  Bot.,  Bi.  U  ,  ^.  109.  Warming  in  Haititein'i  lot.  Abh.,  Bd.Il 
Heft.  II.  Stiaaburger,  De/r.  und  Zellth.,  p.  15,  aud  Bau  dtr  ZeUhdiite,  p.  8 
EUving,  Jen.  Zeittchr.  f.  NatiinB.,Si.  XIII.,  p.  1  [traoa.  in  Quart.  J,  of  Mi 
Seien'.e,  1879].  Goebel,  Grandz.  der.  Syit.  Boi„  p.  398.  Lnetsaen,  Grundc.  d. 
JI,.t.,Ul.  AuH,,  p.  359;  Med.  Pharm.  Bot..Bd.  II.,  p.  198.  PninU,  Lehrb.  der 
Jlot.,  III.  Aafl.,  p.  192  [English  trans.,  by  Tines] . 

'  Sachs.  Dot.  Zeitnnii,  1862,  p.  242. 

^  Compare  Leelera  du  Siiblon,  Aanales  del  le.  nat.,  Ro'aniqiu,  TU.  B^., 
Vol.  I.  p.  97,  1885. 

'  Warming,  in  llantteia')  hot.  Abh.,  Bd.  II.,  Heft.  IL  Qoebel,  GrundzUge, 
p.  409. 

■  Compaia  beienitb,  ElCving,  Jenaiiehe  ZeiUeh.,  Bd,  XO.,  p.  12  [English 
translnlion  as  abavej . 

*  Strasbnrger,  Seae  Vitttriuchungen  liber  den  Defruchtungivorgang  bei  den 
Plianeroyameh,  1884,  p.  5. 

The  differential  coloration  of  vegetative  and  generative  nncleuE 
is  in  genei-al  more  strongly  marked  than  in  Tradescantia. 

1  Straebareer,  Baa  der  Zellhmtle,  p.  95,  where  the  deTelopmant  ia  given. 

»  Itosaoofl.  Jahrb.f.  win.  Bot.,  Bd.  IV.,  p.  441.  Engler  in  the  same,  Bd.  X.. 
i'.  277.    The  other  liternture  is  there  given. 
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CHAPTER  XXrX. 
THE  GYN^CIUM  OF  ANaiOSPEItilS. 

Material  Wanted. 

Fading  flowera  ot  hnxiispar,  Delphiinam,  Ajaei$.    Prosh  ;  or  in  alcohol 

Oi;  the  same  of  the  Hellebore,  HeLleboi-us  sp. 
The  aame  oi  the  Flowering  Buab,  Bittoniiu  umliellatus. 
The  same  oE  Bome  liliaceous  plant,  e.j.,  Tulip,  Hyacinth,  LUiam, 

HemeroeallU,  Yueea. 
The  same  of  a  Primidii,  e.g..  Primrose,  Cowslip,  Auricnlo,  Polyanthas, 

or  of  JjjfsiTiiaehiii,  or  Ann/ialliii. 
Withering  flowera  of  an  orchid. 

Full-blown  flowera  of  Monkshood  lAeonitum  Nap'Uiu,  etc.). 
The  same  of  the  Bird'a-nest  Rape,  MoimCrn/i'i  hyiinpilije.    Fresh  only. 

Or,  the  same  of  some  sp.  of  Pijroln  (Winter-green).     Or  aome 

orchid.    Or  Gloxinia.     Fresh.     Alcohol-material  will  do, 
Pnll-blowQ   flowers   of    Torenia  Aaiatica.     Fresh.     Alcohol-material 

will  do. 
The  same  which  wa  have  ourselves  pollinated  from  36  to  48  hours 

previously. 

Let  MS  firat  obtain  a  general  idea  of  the  strnctnre  of  the  Ovary.' 
For  this  purpose  one  of  the  RanunculaceEe  is  very  well  suited,  f,.y,. 
Delphinium  Ajacis,  the  Larkspur  of  the  gardens.  We  choose  an 
old  flower,  from  which  the  petals  and  stamens  are  easily  removed, 
and  observe  three  pistils  •  left  standing  in  the  central  position. 
Even  by  snperficial  observation  we  can  distinguish  apoa  the  pistil 
the  lower,  green,  swollen  portion — the  Ovary,  and  the  thin  part, 
here  rose-coloured,  into  which  the  ovary  narrows  above — the  style. 
This  last  ends  with  the  stigma,  which  in  this  case  ia  not  specially 

*  It  is  hiifh  time  an  end  was  put  to  tJie  coofuaion  eiiHtiug  in  Bjatematio 
works  as  to  the  use  of  tiiis  teem.  ApiXil,  I  define  as  a  distinct  ovary,  of  one 
or  more  cells,  and  composed  of  oae  or  more  conjoiued  carpels,  witb  its  stigma 
or  stigmas,  and,  if  present,  style  or  styles  A  if/iniiciuni  is  the  whole  female 
part  of  the  flower,  consisting  of  one  or  more  snchpistils.  Pistil  and  gynfflcium 
may  thas  be  Bjnonymous,  as  when  there  is  be  t  one  pistil,  bat  are  not  necessarilj 
GO,    Tbis  may  not  be  throughoat  consiBtent,  but  it  is  at  teont  clear.     [Ed.] 
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delimited,  and  merely  ends  the  style. — We  now  prepare  crosa- 
sections  through  all  three  ovaries  together,  and  examine  them  with 
a  low  power,  or  with  the  addition  of  a  little  potash.     The  cross- 
section  (Fig.  106)  shows  BB  a  single  cavity  [cell  or  locnlas]  in 
each  ovary.     Apparently  it  is  a  single  fertile  leaf,  or  carpellary 
leaf,  -wliich  forms  each  such  ovary.     We  can  conceive  the  car- 
pellftpy  leaf  folded  inwards  and  its  "dges  here  grown  together. 
To  such  an  origin  points,  moreover,  the  ventral  Bnturo,*  which  we 
And,  in  fact,  in  the  median  plane  oE  the  ovary  on  its  side  turned 
towards  the  middle  of  the  flower.     Such  an  ovary,  composed  of 
one  fei'tile  leaf,  is  moiLOCarpellary ;  when  a  number  of  anch  mono- 
carpellacy  ovaries  are  combined  in  a  single  flower,  as  is  the  case 
in  onr  e.iample,  the  flower  is  said  to  be    aposarponi  or     poly- 
carpous.     The  ovaiies  are  here  free  to  their  base,  and  inserted 
npon  the  floral  axis,  i.e.,  they  are  snperioT    or  frea.       The  entire 
Female  sexual  apparatus  of  the  flower  may 
ixinsist  of  one  or  of  numerous  pistils,  and 
is  designated  the  gyiuecium.     Our  cross- 
section  shows  clearly  the  groove  on  the 
ventral  side ;  and  with  stronger  raagnifica- 
lion  we  can,  at  this  place,  follow  the  ex- 
ternal epidermis  through  the  entire  thick- 
ness of  the  wall,  and  see  it  continue  into  v 
the  epidermis  of  the  ovarian  cavity.     It        Fis.  um.— i)Bl|ii<mium  A]a- 
is  interesting  that   this   inner  epidermis      "'•■   Crw»-i.ecUuaihroiigh«i 

o  I^  ovsiy.  e,  wull  of  the  OT»ry ; 

also  possesses  Btomata.  The  wall  of  the  >,  abro-wai  mmdiea  in  the 
ovary  is  traversed  by  a  number  of  fibi-o-  J^ntary  sBedToTniBi'txTs) 
vasal  bundles,  of  which  most  appear  on 

the  dorsal  side,  and  some  near  the  edges  of  the  carpel  on  the 
ventral  side.  The  edges  of  the  carpellary  leaf  are  a  little  swollen, 
and  form,  on  the  cavity  side,  the  placenta  (y).  From  these  the 
ovnles  (»),  corresponding  with  the  nnmber  of  placente,  arise  in 
two  rows.  With  the  ovnles  we  shall  concern  ourselves  later  on, 
and  tor  this  purpose  we  put  onr  preparation  on  one  side. 

Instead  of  Delphinium,  and  available  so  early  in  the  year  as 

*  While  there  oan  be  no  Bound  ob)eation  to  the  use  of  the  term  ventral 
■iiture  to  imply  this  union  of  ths  mikritiiia  of  tlie  leaf,  there  is  no  reason  what- 
ever for  retaining  the  absurd  term  donal  lulure  tor  the  midrib  of  the  car- 
pellary leaf.  The  term  "  dorsal  "  is  however  of  advantage  in  ooonectioQ  with 
deliiscence,  and  it  would  greatly  facilitate  a  much-needed  simpUauatloD  of  the 
methods  of  classification  to  ajjeak,  for  instance,  of  the  ■'  veotral  "  dehiscence 
of  a  follicle,  the  "  dorsi-Tentrul  "  dehiscence  of  a  legume,  nnd  to  on  for  tlit 
vorioa*  kinds  of  cap^nle.     [En.] 
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February,  we  can  use  the  ovaries  of  tlie  Btintio^  Hellebore^ 
Relhborus  fmii'lui.  They  a,'^rae  in  all  essentials  with  the  above. 
Sections  taken  through  flower-bnds  at  Tarions  stages  will  shoiv 
moreover  the  method  of  union  of  the  margins  of  the  carpellary 
leaf.  Some  of  the  sections  will  show  these  margins  unjoined  but 
in  contact ;  in  others,  the  epidermal  cells  of  one  thickened  margin 
will  be  seen  to  grow  out,  papillately,  between  the  similar  cells  of 
the  other  margin,  so  as  to  "dovetail "  the  edges  together.  Sections 
of  the  same  yonng  flower-bads  may  show  the  division  of  the 
pollen  mother-cells  into  tetrads.  For  earlier  examination  still  the 
Christmas  Rose,  S.  niger,  may  he  used. 

In  the  flower  of  the  Flowering  Rush,  Butomus  umbellatus,  aa  in 
Delphinium,  we  find  a  number  of  ovaries — always  six ;  but  these 
ovaries  are  free  only  in  their  upper  half ;  in  the  under  half  they 
have  grown  together  laterally,  and  cannot  be  isolated  nninjored. 
The  style  is  very  short,  and  bears  the  stigma  on  its  upper  edge. 
We  prepare  cross-sections  through  the  free  and  the  combined 
portions  of  the  ovaries.  The  figure,  of  the  free  npper  part  is, 
from  the  point  of  view  of  the  earpellary  leaf,  the  same  as  in 
Delphinium;  the  individual  earpellary  leaves  remain  distinguish- 
able from  one  another  to  their  base,  but  in  the  lower  part  it  is  no 
longer  possible  upon  the  crosa-aectiona  to  separate  the  individual 
earpellary  leaves  intact.  In  Butomus  we  have  therefore  an  inter, 
mediate  stage  between  apocarpous  and  eyacarpons  flowers ;  and 
this  example  is  suitable  to  introduce  us  to  the  maltilocalar  oTEu:y, 
composed  of  more  than  one  earpellary  leaf.  Besides  this,  we  find 
another  novelty  in  Butomus.  The  ovules  arise  not  only  from  the 
edges,  but  rather,  the  median  line  excepted,  from  the  whole  iimsr 
surface  of  the  earpellary  leaf;  they  have  snperftcial  placentation. 
The  entire  walls  are  covered  vrith  ovules,  and  functionate  as 
placentae:  At  the  place  of  insertion  of  each  ovale  a  fine  fibro- 
vasal  bundle  is  to  be  seen,  which  provides  for  the  ovnle.  They 
are  branches  of  the  stronger,  larger,  fibro-vasal  bundles,  lying 
deeper  in  the  tissne. 

The  ovule  of  Liliacese  is  on  an  ftxile  placenta ;  we  select,  with  like 
results,  the  Tulip,  Hyacinth,  a  Lily,  or  Hemeroeallis  for  examina- 
tion. In  the  Tulip  the  three  etigmatio  lobes  are  sessile  upon  the 
ovary,  withont  style.  In  the  Hyacinth  the  style  is  short,  the 
stigma  small,  slightly  trifid.  In  Lilium  the  style  is  long,  the 
stigma  tripartite.  In  Hemeroeallis  the  style  is  very  long,  the 
stigma  likewise  tripartite,  but  very  small.     Cross-sections  show 
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na  a  triloonlar  ovary,  composed  of  three  closed  carpellary  leaves 
which  have  grown  together.  Here  neither  laterally  nor  in  the 
middle  is  a  limit  between  the  tissues  of  the  individnal  carpellary 
leaves  to  be  recogniseii ;  ami  a  single  continuous  epidermis  covers 
the  exterior  of  the  whole  structure.  In  Ywcco,  another  gCDUS  of 
the  Liliaceae,  the  limita  of  the  three  carpellary  leaves  are  marked 
externally  by  grooves,  and  internally  by  narrow  radial  pear- 
shaped  cavities  in  the  tissue,  each  cavity  being  lined  by  a  distinct 
epidermis.  Three  carpellary  leaves  therefore  form  here  a  syn- 
cai-poua,  trilocular  ovary.  Each  of  the  three  carpellary  leaves 
combined  into  this  trilocnlar  ovary  bears,  corresponding  to  its 
two  edges,  two  rows  of  ovules ;  i.e.  the  placentte  lie  here  in  the 
inner  angles  of  the  loculi  or  cells  of  the  ovary.  The  placentation 
is  therefore  marginal,  as  in  Delphinium ;  but  as  they  arise  from 
the  angles  of  the  cells,  and  therefore  in  the  centre,  it  is  specially 
designated  central  oraxile  placentation.^Cross-sections  through 
the  style  of  Semerocallie  show  ns  in  it  a  central  triangnlar  passage, 
the  poUeu-caiUiL  Three  fibro-vasal  bundles  are  distributed  at  the 
three  angles  of  the  pollen-canal.  A  longitudinal  section  through 
the  apex  of  the  style,  and  therefore  through  the  stigma  also,  shows 
us  the  surface  of  this  latter  grown  out  into  long  papilloe.  This 
phenomenon  is  very  general  upon  stigniatic  surfaces  ;  BeTnerocoMis 
however  offers  still  another  interesting  condition,  in  that  the 
cuticle  of  the  papillee  is  raised  up  by  the  formation  of  slime  or 
mucus.  This  cuticle  is  spirally  striate,  and  in  accordance  with 
this  its  upheaval  follows  a  spiral  line.  At  length  the  cuticle  is 
entirely  loosened  from  the  inner  layer  of  the  membrane,  and 
disappears  from  the  papills. — The  otter  Liliacea  likewise  show 
a  hollow  style;  in  most  oases,  on  the  other  hand,  the  style  is 
solid,  bub  filled  either  with  cells  easily  passing  out  of  lateral 
union,  or  else  provided  with  swollen  side-walls,  between  which 
the  pollen-tubes  can  easily  grow  downwards. 

Another  free  or  superior  ovary  exists  in  the  flowers  of  the 
species  of  Primula  [Primrose,  Auricula,  Cowslip,  etc.].  These  are 
dimorphouB,  i.e.,  have  short-styled  and  long-styled  ovaries,  and 
stamens  inserted  high  up  or  low  down  upon  the  tube  of  the 
corolla,  A  median  section  taken  through  the  ovary  shows  us  that 
the  floral  axis  is  prolonged  into  the  cavity  of  the  ovary,  and  here 
enlarges  into  a  mnghroom-like  swelling.  In  the  middle  this 
swelling  projects,  papilla-like,  into  the  pollen-canal  of  the  style. 
The  entire  surface  of  this  swelling  is  covered  with  ovules.     We 
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have  here  a  free-central  placeat^  The  wall  of  the  ovary  in  ia 
no  way  connected  with  thia  placenta.  We  can  be  quite  convinced 
of  this  by  croBS- sections  in  which  the  wall  of  the  orary  appears 
as  a  free  ring  aronnd  the  central  placenta,  or,  if  an  equatorial 
incision  is  made  round  the  ovary,  the  style  and  upper  part  of 
the  ovary  can  be  lifted  off  like  a  cap  from  the  mass  of  ovules,  and 
the  prolongation  of  this  central  swelling  will  be  withdrawn  from 
the  pollen-canal.  Wanting  also  in  the  ring  are  the  points  of  se- 
paration which  enable  ns  to  determine  the  nnmber  of  carpellapy 
leaves  concerned  in  forming  the  ovary ;  these  however  are  aaannied 
to  be  five,  from  the  point  of  view  of  the  numerical  symmetry  of  the 
other  floral  parts,  and  from  the  circnmstaoce  that  in  many  Primn- 
iM^ece  the  fruit- capsule  dehisces  at  its  apex  with  five  teeth.  In 
Priinula  itself  the  nnmber  of  the  teeth  with  which  the  capsule 
opens  is  undetermined. — Instead  of  Frimida,  species  of  Lyaimachia 
[Loose-strife,  Creeping  Jenny,  Money-wort,  etc.,]  or  of  Anagailii 
[Scarlet  Pimpernel,  Bog  Pimpernel,  etc.,]  can  be  nsed  with  the 
Name  results;  they  all  bear  their  ovnles  on  a  free  central  placenta. 
Let  US  examine  now  an  inferior  [adherent  or  adnate]  orary, 
selecting  first  that  of  EpipactU  paluitris,  or  of  some  other  orchid. 
The  brown  ovary  lies  below  the  point  of  insertion  of  the  other 
floral  parts.  We  select  for  cutting  a  young  rudimentary  fruit, 
upon  which  the  petals  have  already  beg'un  to  go  brown.  Cross- 
sections  are  very  instructive,  and  show  us  a  unilocular  ovary, 
which  bears  equidistantly  upon  its  wall  three  pairs  of  placentte. 
The  placenta  repeatedly  divide  at  their  inner  edges,  and  bear 
a  great  number  of  ovules.  The  wall  of  the  ovary  has  on  its 
outer  side  six  projecting  ribs,  of  which  three  correspond  to  the 
places  of  insertion  of  the  |)lacentee ;  three  specially  strong  ones 
alternate  with  these  places  of  insertion.  Each  rib  is  traversed  by 
a  fibro-vasal  bundle,  or  a  complex  of  fibro-vasal  bundles,  besides 
which  a  small  bundle  lies  at  each  place  of  separation  of  two 
placentse.  In  a  superior  ovary,  the  cross-section  of  which  should 
agree  completely  with  that  here  described,  we  should  in  no  way 
scruple  to  consider  the  ovary  as  composed  of  three  carpellary 
leaves,  and  to  look  upon  the  pairs  of  placeiltiB  as  arising  from  the 
conjoined  edges  of  two  adjoining  carpellary  leaves.  The  three  ribs 
which  alternate  with  the  lines  of  insertion  of  the  placentre,  we 
ehoald  take  for  the  midribs  of  the  three  carpellary  leaves.  Aa 
we  have  here,  however,  an  inferior  fruit,  the  matter  is  not  so 
simple.     We  can  either  conceive  that  the  inferior  ovary  consists 
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of  the  tollowed  floral  aiia,  and  is  only  cloKed  above  by  the 
carpellary  leaVea,  that  from  these  latter,  however,  the  placentsB 
ijrow  downwards  into  the  hoUowed  floral  axis ;  or  we  can  consider 
that  the  carpellary  leaves  and  hollowed  Qoi'al  axis  have  grown 
together,  and  that  in  the  wall  of  the  inferior  ovary,  therefore, 
the  outer  portion  appertains  to  the  stem,  the  inner  («  the  carpel- 
lary leaves.  This  latter  theory  is  decidedly  to  be  preferred;  it 
has,  however,  no  other  than  a  phylogenetic,  or  evolntionary, 
value ;  i.e.,  we  conceive  that  in  course  of  time  the  inferior  ovary 
has  so  arisen.*  In  point  of  fact,  however,  the  ans-tomical  and 
physiological  data  for  such  a  conception  are  wanting,  and  we 
must  therefore  be  contented  with  stating  that  the  structure  of 
this  inferior  ovary  is  not  different  from  that  of  a  poly  carpellary, 
unilocular,  superior  ovary. — If  ripe  fruit-capsules  of  Epipactis  are 
at  our  disposal,  we  shall  find  in  these,  as  in  most  other  Orchidete, 
that  the  wall  of  the  capsule  dehisces  by  six  longitudinal  clefts. 
The  six  bands  separating  the  clefts,  remain  joined  at  the  base  and 
at  the  apex  of  the  capsule.  Three  of  them  are  broader  and  fertile, 
three  are  narrower  and  sterile.  The  three  sterile  correspond  with 
the  three  mid-ribs,  which  we  saw  in  the  cross-section  of  the  ovary ; 
the  throe  fertile  bands  bear  in  their  middle  the  placentte." 

We  will  now  endeavour  to  become  acquainted  with  the  struc- 
ture of  the  ovnie,  and  at  the  same  time  turn  our  attention  to 
the  processes  of  fertilization  in  Angiosperms.  In  order  to  become 
acquainted  with  the  individual  parte  of  the  ovule,  we  first  prepare 
cross- sections  through  the  ovary  of  the  Monkshood,  Aconitum 
Napellut,  or  of  some  other  species  of  Aconitwnt.  We  select  a  flower 
in  full  bloom,  strip  off  the  other  parts  of  the  flower,  and  then  cut 
through  the  three  ovaries  together.  Care  should  be  taken  that 
the  sections  are  taken  correctly  at  right-angles  with  the  long  axis 
of  the  individual  ovaries.  The  number  of  the  sections  must  be  con- 
siderable, so  as  more  probably  to  cut  an  ovule  correctly.  We  glance 
over  the  sections,  and  select  those  which  appear  likely.  In  case 
the  section  is  not  delicate  enough,  we  can  help  matters  with  a 
little  potash.  The  figures  are  almost  identical  with  those  which 
we  have  just  examined  in  Belphiniv/m ;  but  in  the  structure  of  the 
integument  of  the  ovule  there  is  a  slight  difference,  which  in- 
duces us  to  give  Aconitum  the  preference  now.  If  an  ovule  is 
cut  centrally,  it  appears  as  in  the  adjoining  Fig,  107.     The  ovary 
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is  monocarpellarr,  the  ovtile  aJises  from  a  marginal  placenta. 
Tt.  is  inserted  thereon  with  a  stalk,  the  fnnicalaB  or  fiinicle  (/)  ; 

the  free  part  of  this  is  very  short,  the  rest  of  it  is  grown  to  the 
ovule,  foiTuing  upon  it  the  raphe  (r).     In  the  body  of  the  ovule 
we  distingnish  first  of  all  the  inner  conical  mass  of  tissiie  as  the 
so-called  nuclens  of  the  ovale — the  nucellDB  (n).    This  corresponds 
with  the  macrosporauginm  of   the  Vascular  Cryptogama.      The 
nnuellas  is  encased  in  two  inte^mneilta,  an  inner  (n)  [originally 
called  the  "secondine"  by  Mirbel;  bat,  as  it  is  developed  before 
the  other,  more  recently  known  as  the  "primine"],  and  an  onter 
(te)  [originally  called  the  "  primine  " ;  bat,  as  it  is  developed  after 
tlie  other,  moi-e  recently  called  the  "  secnndine  "] .     The  inner  is 
developed  on  all  sides  to  the  base 
of  the  nneellns,  the  onter  is  want- 
ing on  the  side  of   the  raphe,    in 
that  it  joins  on  both  aides  to  the 
faniculns.     The  inner  integument 
leaves  a  narrow  canal  free  between 
its  npper  edges,  which  extends  to 
the  nneellns  ;  this  canal  is  known 
as  the  mlcropyle.    The  fnnicnlns  is 
traversed  by  a  flbro-vasal  handle, 
coming  from  the  placenta,  which 
in  many,  bat  not,  however,  in  all, 
cases  can  be  traced  to  the  base  of 
the  nneellns.    The  tissue  adjoining 
the  base  of  the  nacellns,  here  dis- 
tinguished by  its  brighter  color- 
ation, is  known  as  the  chalaza  (ch). 
In  the  long  axis  of  the  nucellns  is 
noticeable   a  larger  cell,    forming 
quit*  a  cavity  ;  this  is  the  embrjo-sac  (e).    At  its  base  can  be  seen 
some  globular  cells,  which  in  Aconitum.  (and  Eanunculacefe  gener- 
ally) ai-e  very  strongly  developed — the  antipodal  cells  (a).     In 
specially  favourable  cases  we  can  determine  that  they  are  three  in 
number.     In  the  apes  of  the  embryo-sac  we  can  also  see  a  small 
cell,  which,  however,    is   only  recognisable   in   perfectly  median 
sections;    it  is  the  egg     -cell  or  ooaphere,  sometimes  called  the 
embryonic  vesicle  or  germinal  vesicle    (o).     The  ovule  as  a  whole 
is  distinguished  as  anatropoQB,  i.e.  turned  back,  because  the  body 
of  the  ovule  does  not  lie  in  direct  continuation  of  the  fnnicnlns. 
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but  iippears  laid  by  the  side  of  it,  with  one  side  grown  to  it,  and 
the  micropyle  turned  to  the  baae  of  the  faniculus.  Thia  form  of 
ovale  ia  by  far  the  most  common  in  Angiosperma.  If  we  now 
compare  our  preparation  of  BeJphin'um  (Fig.  106)  with  that  of 
Aconittitii  (rig.  107)  we  shall  see  that  the  structare  of  the  ovary 
and  ovale  in  the  two  cases  is  quite  identical ;  the  distinction  only 
is  that  in  Delphinium,  as  very  comnionly  in  Banuncnlacete,  the 
two  integnments  of  the  ovule  are  blended  together. 

In  order  to  prepare  sections  of  the  ovule  of  Aconitum,  we  can 
separate  one  from  the  ovary,  and  cnt  it  singly  between  the 
thumb  and  fore-finger,  in  the  method  already  known  to  na.  If 
the  ovttle  is  correctly  arranged  between  the  fingers,  we  shall  in 
this  way  more  rapidly  obtain  true  median  sections.  In  this  and 
in  other  like  cases  the  ovule  may,  with  advantage,  be  first  em- 
bedded in  glycerine- jelly  or  in  celloidin  (celloloidin),  and  then  cut. 
The  glycerine -jelly  must  be  tolerably  firm,  i.e.,  most  contain  a 
comparatively  large  proportion  of  gelatine.  In  celloidin  only 
alcohol  material  can  be  embedded.  We  pour  the  solution  of 
celloidin  *  into  a  small  box  made  of  writing  paper,  and  immerae 
the  ovnie  in  it.  The  celloidin  ia  then  allowed  to  stand  in  the  aii 
till  it  has  acquired  a  firm  skin,  when  it  is  laid  in  82  p.c.  alcohol. 
Here,  after  some  Lonrs,  it  acquires  the  consistence  of  cartili^e, 
remaining  transparent.  Celloidin  and  object  are  cut  together,  and 
the  sections  laid  in  glycerine  or  glycerine -jelly,  without  its  being 
necessary  to  remove  the  celloidin.  The  sections  can  be  stained 
with  carmine  or  with  logwood  (htematoxylin),  but  not  with  aniline 
colours,  as  these  latter  colour  the  celloidin  aa  well.  If  the  celloidin 
has  been  procured  in  cakes,  it  mnst  be  dissolved  before  use  in 
equal  parts  of  ether  and  absolute  alcohol.  In  order  to  make 
ovules  which  are  to  be  embedded  in  glycerine-' jelly  or  in  celloidin 
still  more  visible,  they  can  be  previously  stained  with  watery 
logwood ;  the  ovales  mnst  then,  however,  after  previous  washing 
in  water,  be  again  dehydrated  in  absolute  alcohol,  before  being 
placed  in  the  celloidin.  Objects  which,  in  order  to  make  them 
available  for  section-catting,  must  be  permeated  with  celloidin, 
are  first  treated  with  dilnte  solution  of  celloidin,  in  which  the 
object  mnat  lie  often  for  days  before  It  is  transferred  to,  and 
embedded  in,  the  thick  celloidin  solution. 

•  To  lie  obtained  of  Dr.  GrJibler,  ia  Leipzig,  Dutoar-atrassa,  17,  In  eakes  at 
about  3i.  enoh,  or  in  solution  at  lis.  the  Icilogranime.  Also  of  Messrs.  SautbalL 
Bros,  is  Barals;,  manufaatnring  ohemista,  Dalton  St.,  Birmingbam.     t^i>.] 
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We  will  now  (nke  in  hand  the  study  of  the  interior  of  tUo 
embrjTD-Bae.  The  most  favourable  object  for  thin  is  Manolropa 
HyjKipityt,  the  Bird's-uest  Rape,  a  pale  yellowish  parasite,  found 
chiefly  under  beech  and  fir  trees*  This  plant  is  so  favourable 
for  the  otherwise  difficult  inrestigation  of  the  embryo-sac  that 
no  pains  should  be  spared,  if  possible,  to  obtain  it."  It  flowers 
in  Jnly  and  August,  and  must  be  examined  fresh,  as  in  alcohol  it 
becomes  brown  and  opaque.  The  plant  bears  carriage  very  well, 
and  can  be  preserved  healthy  for  a  very  long  time  in  a  glass  of 
water.       Supplies  may  in  this  way  be  obtained  from  a  distance. 

With  Monotrojpa  agi-ee  the  various  species  of  Pyrola,  or 
"winter-green,"  likewise  Gricaceous  plants,  excepting  that 
tbeir  ovnies  are  smaller.  Abont  a  dozen  species  of  Pyrola,  all 
hardy  herbaceous  perennials,  can  be  readily  enongh  cultivated  in 
gardens,  either  from  seeds  or  division  of  the  roots,  selecting  for 
the  purpose  a  shady  border,  with  a  sandy  peat  soil.  The  cross- 
section  through  the  under  part  of  the  ovary  shows  this  to  be 
four-celled,  5-celled  in  Pyrola.  The  placenta  are  strongly 
swollen,  and  bear  on  their  surface  very  numerous,  slender,  closely 
serried  ovules.  The  two  halves  of  the  placenta  in  each  cell  are 
removed  to  some  little  distance  by  a  radial  line  of  separation.  In 
the  upper  part  of  the  ovary  these  lines  of  separation  extend  to 
the  centre,  and  there  adjoin  one  another.  We  see  then  four  strong 
pairs  of  placentte,  each  placed  on  the  centre  of  a  partition  wall, 
which  appertain  to  the  two  neighbouring  loculi ;  the  pairs  are 
easily  separated  from  one  another  with  the  needles.  We  get  the 
ovnies  for  our  investigation  by  removing  s  portion  of  the  wall  of 
the  ovary  with  the  forceps,  and  stripping  off  the  ovnies  with  the 
needles  from  the  placenta  thus  exposed.  We  place  them  in  pure 
water,  or  in  3  p.c.  solution  of  sugar,  in  which  the  ovules  remain 
longer  unchanged.  We  take  this  material  from  an  oldish  flowen 
in  which  the  stamens  have  already  dehisced,  so  that  we  shall  find 
the  ovules  in  part  ripe  and  not  yet  fertilized,  in  part  already 
fertilized.  Between  the  ovules  we  come  often  upon  pieces  of 
pollen  tubes.  The  receptive  ovule  has  the  appearance  of  the 
adjoining  fig,,  107.  It  is  transparent,  and  can  be  focnssed  for 
optical  section.  We  recognise  in  it  an  anatTopoiU  OTule,  with  but  - 
one  integument  (i).  The  whole  interior  of  the  ovule  is  filled  by 
the  embryo-sac ;  we  miss    the  nucellus,  which,  during  the  develop* 
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ment,  is  pressed  back  hy  tte  embiyo-stu:.  The  apei  of  the 
embryo-sac  is  occupied,  as  we  can  clearly  see,  by  three  cells. 
These  three  cells  form  the  egg-apparataa   or  genuimil  apparatus. 

Tbey  lire  not  of  eqnal  value.  The  two  upper  are  the  assisting- 
cells,  or  BjReTgiAm  (Fig.  lOS,  B) ;    that  more  deeply  inserted,  is 


l|3 


the  ooBplLere  (o)  [germinal  vesicle,  embryonic  vesicle].  The 
eynergidte,  aa  can  be  oasily  seen,  have  in  their  lower  part  a 
vacuole,  are  filled  above  with  protoplasm,  and-  here  contain  the 
nttcleos.  The  oosphete  inversely  has  its  cavity  above,  and  below 
the  main  mass   of    its  eel  I -protoplasm,  and   the  nucleus.     Both 
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synei^idss  are  not  always  seen,  as  one  can  cover  the  other  (Fijf, 
108,  0).  At  the  base  of  the  embryo-sac  the  antipodal  cells  can 
usually  be  recognised  withoat  difficalfcy,  and  we  can  count  that 
three  also  of  these  are  present.  In  the  interior  of  the  erabryo-sac 
is  nsnally  fonnd  a  nacleiu,  with  a  nucleolDS  (Fig.  108,  A) ;  bnt  in 
other  cases  there  are  two  nuclei  (B)  or  a  nnclens  with  two  nucleoli 
(0);  and  we  judge  from  this,  that  the  one  nnclens  which  we  always 
ultimately  find  anses  from  the  union  of  two.  Ovules,  the  fei-til- 
ization  of  which  has  already  commenced,  can  he  recognised  by 
the  changes  which  the  synergidw  have  undergone.  These  appear 
strongly  refractive,  both  or  only  one  being  thus  modified.  It  is 
then  certain  that  a  pollen-tube  has  penetrated  to  the  embryo-sac, 
and  if  it  is  not  easy  to  see  it  in  the  interior  of  the  micropyle,  it  is 
still  not  difficult  to  recognise  the  piece  torn  off  from  it  in  the 
preparation  and  projecting  beyond  the  micropyle.  The  apex  of 
the  pollen -tube,  however,  has  penetrated  to  the  synei-gidre,  and  the 
protoplasm  of  the  pollen-tuhe  between  the  synergidsB  to  the 
oosphere.  With  careful  examination  we  may  happen,  in  oospheres 
which  boi-der  on  synergid©  that  are  thus  changed,  to  find  two 
nuclei  (JJ),  one  lai^cr,  the  original  nucleus  of  the  oo.sphei-e,  and 
close  by  it  also  a  smaller,  the  spermatic-iiucleas,  which  has  pene- 
trated from  the  pollen-tube.  This  latter  increases  quickly  in  size. 
We  can  find  stages  of  conjugation  between  the  oo-nnclens  and  this 
flpermo-nncleiu,  and  afterwards  see  only  one  embTjo- nnclens,  with 
two  unequal  nucleoli,  of  which  the  smaller  arose  from  the 
spennatic- nucleus  {E),  and  ultimately  an  embryo-nucleus  with 
only  one  nucleolus.  While  the  oosphere  is  being  fertilized,  the 
highly  refi-active  masses  of  substance  in  one  or  both  synergidre 
diminish  ;  they  are  apparently  used  for  the  nourishment  of  the 
oospore.  At  the  same  time  with  these  changes  in  the  egg- 
apparatus  the  formation  of  endosporm  has  commeuced  in  the 
cavity  oE  the  embryo-sac ;  i.e.,  we  see  the  embryo-sac  divided  by 
walls.  The  endosperm-formation  here,  therefore,  takes  place  by 
cell  division.  In  other  equally  freqaent,  even  more  frequent,  caeca, 
the  nucleus  of  the  embryo-sac  and  its  descendants  at  first  divide 
free;  and  only  at  a  later  stage  of  the  development  the  formation 
of  partition- walls  between  these  nuclei  commences.  The  process, 
as  we  have  it  here,  takes  place  in  general  in  such  embryo-sacs  as 
show  slow,  and  on  the  whole  in  considerable,  increase  in  size. 
Where,  on  the  other  hand,  the  embryo-sac  increases  very  rapidly 
in  size  after  the  fertilization  of  the  egg-cell,  there  nuclear  division 
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witlioat  cell-diTision  first  takee  place,  and  cell-formatioii   i.e.,  the 
formation  of  the  partition- walls,  first  begins  when  the  embryo-sac 
is  approximately  fully  developed.— In  conseqneuce  of  fertilization 
the  oospore  has  acquired  a  delicate  cellulose  membrane,  and  soon 
begins  to  elongate  into  a  sac,  and  after  some  time  penetrates  with 
its  apex  into  the  body  of  the  endosperm,  where  tho  apex  of  the 
sac  produces  a  fow-cellcd  embryo,    the  rest  of  the  sao  forming  the 
snapensOT.  —  We  have  thos  far  examined  these  ovules  only  in  pure 
water  or  iu  sugar- solution  ;  if  we  wish  to  see  the  nuclei  come  out 
clearly,  we  must  treat  the  ovnles  with  two  per  cent,  noetic  acid. 
In  this  way  we  obtain  very  sharply- 
defined  structures  in   most   ovules, 
and  at  the  same  time  fix  the  stages 
of  division  of  tho  nuclei,  although 
into  these  processes  we  do  not  pro- 
pose at  present  to  go  more  deeply. 
Staining   media  cannot    be  recom- 
mended,  since   they  stain  also  the 
nuclei   in   the  integument,  and    in 
this  way  injure  the  view  into  the 
interior. 

Instead  of  Monotropa  various  Or- 
chids {Orchis  and  other  genera)  can 
serve  for  this  investigation.  Fer- 
tilization takes  place  in  these  a 
good  while  after  pollination,  and  in 
ovaries  which  are  already  greatly  en- 
larged. Theae  are  cut  open,  ovules 
removed  with  the  needles  from  a 
placenta,  and  transferred  to  water 
or  three  per  cent,  solution  of  sugar.        Fig.  io».-Orchii  poii.n«.  ReoapUv. 

„,  iL       1  J      4.1.  1.  ■  omie.     M.  ega-appftistuB;  li,  inner, 

We  can,  without  further  steps,  m-  i,^  onler  inlesumonl ;  I.  air^ayity 
form  ourselves  as  to  the  stmcture  of  ^^^  <"^'"'  '«'■'*''»  *"  m  in  the  pre- 
the  fully-formed  ovnle  (Fig.  109)  ;  """^aa'™''' ^>- 
this  is  very  like  to  that  of  Monotropa,  bat  there  are  two  integu- 
ments, as  commonly  in  monocotyledons,  and  an  air-cavity  in  the 
neighbourhood  of  the  chalaza.  This  air-cavity  makes  observation 
more  difficult  if  it  is  filled  with  air,  and  this  latter  also  penetrates 
between  the  integuments.  The  ovule  in  water  or  in  three  per 
cent,  sugar  solution,  mnst  therefore  be  freed  from  air  under  the 
air  pump.      Often  even  a  slight  pressure  upon  the  cover-glass 
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serves  to  remove  tlie  most  disturbing  air,  found  between  tlie 
intef^ments.  The  nacelliis  in  the  OrchideiB  also  is  qaite  displaced 
by  the  embryo-sac;  as  a  relic  of  the  nacellas  a  strongly  refractive 
cap  of  Bubstance  is  still  to  be  seen  at  the  apex  of  the  embryo-sac. 
The  ^g-apparatns  (o«)  is  constracted  as  in  Manotropa,  only  that 
the  oosphere  is  less  deeply  inserted.  The  antipodal  cells  aro  not 
to  be  seen;  in  their  place  is  a  strongly  refractive  snbstance,  in 
which  lie,  in  fact,  three  nnolei,  recognisable,  however,  with  great 
difficulty.  The  pollen-tube  can,  more  easily  than  in  Monotropa, 
be  traced  to  the  synergide ;  the  changes  which  the  synergidie 
undergo  are  the  same.  The  two  nuclei,  moreover,  are  again  found 
in  the  fertilized  oosphere.  Endosperm  ia  in  general  not  formed 
in.  the  Orchidew. 

In  default  of  Monotrc^a.  and  of  Orchidaceee  transparent  ovules 
for  investigation  ai-e  provided  by  various  Gesueracete,*  and,  above 
all,  the  large-fiowered  Gloxinia  hybrida  of  the  gardens.  The  ovule, 
having  only  one  integnment,  is  so  far  transparent  tbat  the  egg- 
apparatus  is  clearly  visible.  It  shows  the  two  synergidte,  and  in 
this  case  fiask-shaped  oosphere.  Under  some  circnmstaDcea  two 
oospberes  can  be  present.  The  embryo-sac  in  its  upper  part  is 
swollen,  but  narrows  suddenly  below ;  the  antipodal  cells  in  the 
lower  end  are  not  distinguishable  with  certainty. 

One  of  the  most  favourable  plants  for  the  study  of  fertilization 
ia  however  the  Sorophulari neons  plant  Torenia  Atialica}  This 
stove  -  evergreen  from  the  East  Indies  is  now  cultivated  very 
generally  in  gardens,  and  bears  flowers  the  whole  year  through. 
It  is  distinguished  in  that  its  embryo-sac  grows  upwards  into  the 
micropyle,  and  hence  the  whole  egg  apparatus  appears  without 
any  other  covering  than  the  wall  of  the  embryo-sac.  Cross- 
sections  through  the  superior,  elongated  ovary  show  this  to  be 
two-celled;  the  two  azile  placentie  project  as  pads  into  the  locnli. 
They  are  covered  with  numerona  ovules.  For  the  purpose  of 
observation  we  remove  a  wall  of  the  ovary,  and  strip  ofE  the 
ovules  from  the  placenta,  best  tinder  the  simple  microscope.  We 
observe  them  with  advant^e  in  a  3  p.c.  solntiou  of  sugar.  The 
ovules  are  anatropous,  or,  more  correctly,  somewhat  campylo- 
tropnas,  for  the  embryo-sac  and  the  integument  are  bent  in  their 
upper  part  (Fig.  110,  J).  The  free  part  of  the  funiculus  (/)  of 
the  ovule  is  pretty  long.  There  is  only  one  strong  integument. 
The  embryo-sac  (e)  projects  with  its  upper  end  out  of  the  micro- 
pyle.    This  protruding  part  is  conveily  swollen  and  pointed  at  ita 
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apox  it  lies  against  the  fnnicalus  It  is  difficult  to  follow  the 
embtyo  sac  m  the  mterior  of  the  ovale  bnt  by  running  in  a  little 
potaali  we  can  dnnng  its  commencing  action  convince  ourselves 
that  it  immediately  adjoins  the  integument  is  first  very  narrow. 
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I  lien  swells  somewhat  spindle-shaped,  and  (e*)  again  i 
the  base.  Our  preparations  in  sugar  solution  show,  in  the  free 
apex  of  the  embryo-sac,  the  two  synergidw  and  the  oosphere ; 
once  more  therefore,  as  always,  three  cells  foi-m  the  egg-apparatus. 
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According  to  the  position  of  the  preparation  two  Bynergidie  are 
to  be  seen  (Kig.  110,  B),  or  one  covers  the  other  (0).  At  the 
apex  of  each  aynergida  we  notice  hero  a  homogeneons,  strongly 
refractive  cap,  sharply  defined  against  the  finely  grannlar  portion 
behind^  this  is  the  so-called  filiform  apparatiiB.  If  sach  a  pre- 
paration is  treated  with  chlotzinc  iodine,  the  caps  of  the  synergidse 
are  seen  to  colonr  bine.  They  consist  therefore  of  cellnlose.  The 
other  snbstaace  of  the  aynergidie  and  of  the  oosphere  colours 
yellow-brown.  CEirefnl  examination  shows  that  the  membrane  of 
the  embryo-sac  is  open  over  the  caps  of  the  synei^idae  (B,  G).  The 
filiform  apparatus  therefore  now  forms  the  stopper  to  the  opening 
of  the  embryo-sac.  This  apparatus  is  very  widely  distributed, 
especially  amongst  monocotyledonoas  plants,  and  projects  often 
very  far  out  of  the  embryo-sac.  The  longitudinal  atriation, 
which  they  very  commonly  show,  srises  fixtm  fine  pores  filled 
with  protoplasmic  contents. — We  tuT^i  again  to  our  preparation 
lying  in  water  or  in  sugar  solution,  and  further  detei-mine  that 
here  also  the  distribution  of  the  contents  in  the  synei^dee  and 
the  oosphere  is  entirely  the  same  as  in  Monolropa  and  Orchis 
'  {£,  C).  In  the  synergidoe  the  nuclei  lie  in  the  npper,  the  vacuole 
in  the  lower  part ;  in  the  oosphere  this  is  reversed. — IE  we  wish 
to  study  the  process  of  fertilization  in  Torenia  we  must  pollinate 
the  flowers  tor  this  purpose.  From  pollination  to  fertilization 
thirty-six  hours  elapse,  so  that  we  must  renew  onr  observations 
after  from  a  day  and  a  half  to  two  days.  As  before,  we  free  the 
ovules  from  the  placenta,  but  as  carefully  as  possible,  under  the 
simple  microscope,  in  order  to  remove  the  largest  possible  pro- 
portion of  the  pollen-tubes.  These  are  followed  here,  with  the 
greatest  possible  ease,  to  the  apex  of  the  embryo-sac,  between  the 
caps  of  the  synergid®  and  right  up  to  the  oosphere  (D,  E).  We 
see  that  the  pollen-tubes  conducted  by  the  placentse  are  still  further 
led  by  the  funiculi  till  they  attain  the  apex  of  the  embryo-sac.  A 
direct  infinence  makes  itself  felt  at  the  same  time  from  this  latter, 
whicheffectsthe  direction  of  growth  of  the  apex  of  the  pollen-tube. 
It  can  be  assumed  that  the  synergidse  secrete  a  definite  substance 
which  acts  as  a  stimulus  upon  the  poUen-tnbe.  The  caps  of 
the  synergidffi,  on  account  of  their  soft  consistence,  oppose  little 
resistance  to  the  escape  of  the  secretion.  Where  the  caps  of  the 
synergidffi  arc  specially  strongly  developed,  they  appear  besides 
traversed  by  very  fine  canals,  which  conduct  the  secreted  substance 
outwards.     The  synei^ida  in   Tornnia,  as  in  others,  become  dia- 
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denized  after  the  entrance  of  the  pollen-tube,  and  tabe  on  the 
strongly  refractive  appearance  alt^ady  known  to  na.  For  the 
stady  of  the  further  st^osof  development  of  the  embryo,  etc.,  this 
object  is  not  favoorable. 

One  of  the  easiest  plants  in  which  to  see  the  passage  of  the  poll  en - 
tube  into  the  micropyle  is  a  speedwell,  Veronica  e&rpylUfoUa,  very 
common  in  shaded  grass  and  in  hedgerows.  Take  a  flower  from 
which  the  corolla  has  jnst  fallen,  place  the  ovary  on  a  slide  in  a 
drop  of  water  or  of  3  per  cent,  sngar  solntion,  and  dissect  ont  the 
ovales  nnder  the  microscope  or  nnder  a  simple  microscope.  If  the 
ovules  are  carefully  separated,  and  a  cover-glass  put  on,  some 
of  them  will  probably  be  fonnd  to  show  the  pollen-tnbe  in  the 
micropyle. 


NOTES  TO  CUAPTEB  XXK- 

'  Goebel,  QrandzUge  d.  Syit.,  etc.,  p.  417.  Liiraaen,  Grundz.  der  Botanik, 
p.  356.  Mfd.  Pharm.  Dot,  Bd.  II.,  p.  244.  Prantl,  Lehrbuch  der  Botanik,  dtb 
edit,  EagliBb  edition  by  TiaeB,  p.  204. 

'  Straeburger,  Btfraehluag  und  Zellthtilunij,  pp.  34,  36. 

'  The  Bame,  p.  5S. 

*  The  Bwne,  p.  54. 


INoie  to  page  927.] 
'  A  maltieellular  interior  or  adhereut  ovary  we  find  in  (Enotherable«nU(ev<ai- 
ing  ptimcose),  ot  any  other  (Enothera,  Epilobium,  or  Faclfia.  The  ovary  her( 
oCtea  lies  considerably  below  the  point  of  insertion  of  the  flower.  The  cross- 
section  sliowB  tour  cells  or  loculi.  The  plaoentie  arise  from  the  inner  angles  of 
tbe  celU;  tbey  project  somewhut  into  tbe  cavity  of  the  cells,  and  bear  two  or 
three  rowa  of  O'Ulea.  The  middle  Une  of  each  cell  ia  represented  by  a  de- 
presdOD.  At  this  point  lie  weak  vascular  bundles,  a  strong  one  externally  and 
a  weaker  one  internally,  before  the  partition  nails.  The  inner  one.  by  meana  of 
horizonCot  branches,  which  the  cross-section  often  lays  bare,  ia  connected  witli 
the  bundlcB  which  oocupy  the  central  tissne  between  the  tour. cavities.  Tbeea 
for  their  part,  support  the  placentie.  The  wall  ot  the  ovary  contains  numeroas 
raphides  which,  set  free  from  their  cells,  lie  scattered  over  the  whole  section. 

INoU  to  page  S33.] 
*  Fertilization  ol  orchids  takea  place  in  from  3  to  10  days  after  pollination, 
according  to  tbe  species. 
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CHAPTER  XXX. 
steuctube  of  the  seed  of  angiospeiiims. 

Material  Wanted. 

Flowers  and  seed-poda  of  various  agea  of  the  Shepherd's  Pnrao  (Cap- 
sella  Bmaa-paalori-a).  March  to  NoTember.    Fresh,  also  in  alcohol. 
The  same  of  the  Water- Plantain  {Alisna  Plaalngo).     Jnne  to  August. 
Bipe  seeds  of  the  Castor  Oil  plaat  (Ricinas  coiiniiuni)). 
Bipe  grains  of  Wheat.    Fresh. 

We  will  now  endeavour  to  make  oiiraelvea  acquainted  with  the 
structure  ot  a  ripe  seed,  and  to  give  especial  attention  to  the  embyro 
which  it  contains.  As  a  cotuparativelj  favourable  plant,  we  select 
one  of  the  Cruciferte,  Capsella  Swsa-pastorU,  the  shepherd's 
purse,  a  plant  which  has  been  very  commonly  made  use  of  for 
embryological  studies.^  Ita  seed  is  comparatively  small,  but 
provides  special  advantages  for  developmental  investigation.  For 
this  reason  therefore  vre  will  endeavour  to  overcome  the  difficulty 
that  the  cutting  of  the  ripe  seed  presents.  It  is  advisable  first  of 
all  to  prepare  a  median  longitudinal  section  through  the  seed,  as  we 
want  to  know  what  the  object  looks  like,  the  development  of  which 
we  are  about  to  study.  This  section  presents  no  insuperable  dif- 
ficulty, if  we  have  fresh  seeds  at  our  disposal,  in  preparing  between 
the  fingers.  It  is  still  easier  if  we  place  the  seed  between  two  flat 
pieces  of  cork,  and  draw  the  razor  between  them.  Or  the  seed  can 
be  fastened  with  gum  in  the  desired  position  between  two  pieces 
of  soft  lime  or  poplar  wood,  and  after  iD  is  dry  the  sections  made 
through  wood  and  seed  at  the  same  time.  Or  the  seed  can  be 
embedded  in  a  drop  of  gum,  to  which  a  little  glycerine  has  been 
added,  at  the  end  of  a  piece  of  elder  pith,  and  after  drying,  gum 
and  seed  can  be  cut  at  the  same  time. 

The  sections,  in  whichever  way  prepared,  should  be  esarained  in 
fflycerine,  as  water  makes  the  embyro  swell,  and  come  oat  of  the 
testa.  The  embyro  (Fig.  Ill,  j1),  fills  up  the  entire  seed;  it  is  bent 
at  its  mid-length,  so  that  the  cotyledons  (c)  lie  alongside  the  hypo- 
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cotyledonary  axifl,  op  hypocotyl  {h)    i.e.  are  incambent.       (Com- 
pai-e   the  figure.)      This  disposition  is  characteriHtic  of     several 
tribes  of  the  Criiciferie,  by  some  aystematists  collected  into    the 
section  Kotorhizea),  and  may  be  represented  by  the   sign  |  |0 
Another  cbaraoteristic  method  o£  folding  of  the  embryo  in  Cru- 
ciferfe,  is  where  the  hypocotyl  is  folded  over  and  applied  to  the 
edges  of  the  cotyledons.     This  ia  called  a«oanibent,  and  may  be 
espressed  by  the  sign  ~  Q.     They  may  likewise  be  represented 
by  Q  C  H  ^^^  c  H  respectively.       If  the  section  ia  delicate  and 
has  cat  the  seed  perfectly  in  the  centre  (as  in  the  adjoining  Fig,  A), 
we  see  at  the  base  of  and  between  the  cotyledons  the  small  grow- 
ing apes  of  the  stem,   the  plomulei    and  can  also  see,  at  the  lower 
end  of  the  hypocotyl,  the  axis  closed  by  the  radicle  covered  by  a 
root-cap  only  a  few  cells  thick.    There  is  no  endosperm  to  be  seen ; 
the    embryo    is    immediately 
surrounded   by  the  skin   of 
the  seed— the  t'eata,    and  is 
therefore    said    to    be    exal- 
bnuiuotts.         If    we    nse    a 
somewhat  higher  magnifying 
power,    we     can     determine 
that  this  testa  (Fig.  Ill,  E) 
consists   of    three   layers    of 
cells.     The  innermost   layer 
(a)  is  composed  of  cells  with 
comparatively  little  thickened 
and  almost  colourless  walls, 
and  with  granular  contents. 
Addition  of  iodine  shows  ns 
that  these  grains  are  coloured 
yellow-brown,  and  are  there- 
fore  alenrone.     Outwardly  follows  a  second  layer  (c),  the  cell- 
walls  of  which  are  coloured  deep  brown,  and  on  the  inner  side 
are  very  strongly  thickened.      The  outennost  layer  of  cells  ap- 
pears in  concentrated  glycerine  as  a  colourless,  apparently  homo- 
geneous membrane  ;  its  cells  are  strongly  flattened,  and  thickened 
almost  to  the  obliteration  of  the  lumen.     Between  the  innermost 
and  the  second  onter  layer  is  often  to  be  distinguished  a  crushed 
layer  of  cells,  appearing  like  a  single  membrane. — If  we  examine 
the  testa  fi'om  the  outside,   we  easily  recognise  the  contour  of  the 
polygonal  cells  of  the  external  tabular 'layer.     These  cells  h.-i-ve 
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their  more  internal  portions  partly  separated  by  intercellular 
epacea  full  of  air.  In  the  middle  of  eanh  cell  is  to  be  distinguished 
a  weatly  defined  more  strongly  refractive  portion.  The  walla  of 
the  next  inner  layer  of  cells  are  brown,  strongly  thickened,  the 
cells  themselves  only  a  little  smaller  than  in  the  outer  layer. 
Considerably  smaller,  on  the  other  hand,  and  weakly  thickened, 
are  the  cells  o£  the  third,  alenrone-containing,  layer. — If  we  now 
allow  water  to  mn  into  the  section  from  the  edge  of  the  cover- 
glass,  we  see,  in  the  cross-section,  the  cells  of  the  onter  layer  rapidly 
swell ;  each  bulges  strongly  ontwards ;  at  their  centre  a  highly 
refractive  column  is  noticeable.  The  lumen  is  now  hardly  dis- 
tinguishable ;  the  entire  cell  is  filled  by  the  thickening  layers  of 
the  wall,  and  in  all  cases  the  outer  thickening  layers  are  weakly, 
the  internal  strongly  refractive,  These  internal  thickening  layers 
form  the  striking  central  columella,  which  now  shows  up  very 
strongly  oa  the  snrface  of  the  seed,  while  at  the  same  time  the 
mtercellular  spaces  between  the  cells  disappear.  The  swelling 
walls  usually  show  clear  lamination.  With  further  addition  of 
water,  the  cuticle  of  the  cells  is  rnptared,  and  the  outer  thickening 
layers  come  oat,  diffusing  in  the  surrounding  water  as  invisible 
mucilage.  The  refractive  columella  remains  behind,  marking  the 
centre  of  each  cell  (Fig.  Ill,  S,  at  e).  It  has  increased  not  incon- 
siderably in  size ;  at  its  apex  can  be  seen  the  relics  of  the  dissolved 
thickening  layers.  In  the  same  way  the  lateral  middle-lamellie 
ot  the  cells  remain,  and,  as  they  do  not  swell,  show  now  a  much 
less  height  than  the  columellte.  All  this  can  be  seen  in  onr  Fig. 
Ill,  B,  which  represents  the  testa  afterthe  action  of  water.  These 
phenomena  of  swelling  can  be  observed  more  quickly  if  the  section 
is  first  examined  in  alcohol,  and  then  water  run  in.  This  muci- 
laginatiou  of  the  thickening  layers  of  the  onter  cells  of  seeds  and 
mericarps"  is  a  compai-atively  common  phenomenon,  which  facili- 
tates the  sticking  of  the  seed  to  foreign  objects,  and  therefore  serves 
in  their  transport  and  dissemination,  and  on  the  other  hand  has 
as  a  result,  the  firm  retention  of  water  on  the  surface  of  the  seed. 

As  the  section-cutting  of  ripe  seeds  presents  some  difficulty,  we 
can,  so  far  as  informing  ourselves  about  the  position  and  structure 
of  the  embryo  is  concerned,  prepare  the  sections  from  seeds  which 

'  Mtricarpi,  (he  segmenU  ol  fraits  which,  like  the  Pelargonium  (Oeraniam), 
Cianea'  Bills,  and  Parsle;  Woite,  do  not  dehisce  to  let  out  their  seeds,  but  split 
up  bodii;  into  »eed-coQtaining  gegmenta.  Hence  these  trmU  are  called  tchUa- 
eur/i»— aphtting  truits.     [Ed,1 
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nr6  not  qaite  ripe,  and  far  softer,  and  onlj  study  the  testa  npan 
fully  ripe  seeds. — Now  let  us  go  back  to  younger  stages,  and  at 
first  lay  the  entire  ovule  in  potash.  These  ovules  can  be  best 
obtained  by  halving  the  seed-vessel  in  its  entire  lei^h,  and  then 
removing  the  ovules  from  each  half  with  the  scalpel.  The  ovules, 
almost  to  the  fully  ripe  stage,  can  be  made  so  far  transparent  that 
we  can  inform  ourselves  sufficiently  as  to  the  position  of  the 
embryo.  The  embryo  goes  a  beantifnl  green  in  potash,  which 
arises  from  the  swelling  of  the  starch-grains,  so  that  the  chloro- 
phyll-grains become  visible.  Proceeding  to  progressively  younger 
ovules,  we  see  that  the  embryo  {and  at  first  especially  its  coty- 
ledons), becomes  continually  shorter.  It  continually  withdraws 
further  and  further  from  the  lower,  outward-bent,  half  of  the 
embryo  sac.  Ovnles  from  fruits  which,  without  stalk,  measure 
i  inch  in  height,  show  the  embryo  aa  a  small  body  of  cordate  form. 
The  two  divaricating  anterior  protuberances  are  the  rudiments  of 
the  cotyledons.  If  we  trace  back  the  various  stages  of  develop- 
ment of  the  embryo,  we  can  at  the  same  time  determine  that 
endosperm  is  formed  only  at  the  two  ends  of  the  embryo-sac,  and 
appears  especially  at  the  chalasial  end  as  a  small  green-coloured 
mass  of  tissue.  The  latter  is  not  reached  and  absorbed  till  the 
seeds  are  well-nigh  ripe.  We  can  also  see  that  the  testa  proceeds 
from  the  two  layers  of  cells  of  the  outer  integument,  and  the 
inner  cell-layer  of  the  inner  integument.  This  latter  layer  is 
easily  distinguished  by  its  richness  in  contents.  The  one  or  two 
layers  of  cells  lying  between  this  innermost  layer  and  the  outer 
integument  are  gradually  pressed  back  and  crushed,  so  that  they 
ultimately  form  only  the  compound  membrane  lying  between 
the  second  and  third  layer  of  the  testa.  If  unripe  seeds  of  various 
ages  are  laid  upon  an  object-slide  in  a  drop  of  glycerine,  and 
covered  with  a  cover-glass,  and  then  subjected  to  carefnlly  con- 
trolled pressure  with  the  handle  of  the  needle -holder,  the  ovules 
will  burst,  and  the  often  nninjarod  embryo  will  come  out.  This 
process  is  effective  with  embryos  from  a  very  young  state  np  to 
those  that  are  well-nigh  fully  formed.  — la  order  to  inform  our- 
selves as  to  the  structure  of  the  egg-apparatus  in  the  ovule  at  the 
receptive  period,  we  must  have  recourse  to  alcohol -material,  which 
we  make  transparent  to  the  desired  degree  by  careful  addition  of 
potash.  We  can  thus  state  the  presence  of  two  synergidte,  and  an 
oosphere,  in  the  egg-apparatns,  while  the  antipodal  cells  are  very 
diUicnlt  to  see.     The  structure'  of  the  ovule  is  easy  to  follow  fresh, 
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in  pore  water,  or  with  a  trace  of  potash  added  to  make  it  still 
more  transparent.  The  ovnle  ie  campylotropoai,  t'.e.,  its  nncellns 
and  embryo-sac,  as  we  have  already  seen  in  later  stages,  are 
cnrred.  The  outer  integnmeot  consists  of  two  layers,  the  inner 
in  its  apper  part  has  two,  farther  in  has  three  layers.  The 
nncellns  at  this  stage  is  already  absorbed,  bo  that  the  embryo-saQ 
is  directly  in  contact  with  the  inner  internment.  The  fanicnlas  is 
pretty  long;  it  is  traversed  by  a  fibre- vasal  bnndle,  which  ends  in 
the  chalaza,  and  is  still  visible  even  in  the  ripe  seed  (Fig.  111,j1,v) 
Very  beautifal,  in  the  next  older  stages,  especially  after  the  addi- 
tion of  potash,  are  the  views  one  gets  of  the  rudimentary  embryo. 
We  can  see  that  the  fertilized  oosphere  [oospore]  grows  into  a 
thread-like  pro-embryo,  about  six  cells  long  ;  the  uppermost  cell, 
I.e.,  that  most  removed  from  the  micj'opyle,  ■■ounds  oil  into  a  head- 
cell,  the  embryo  cell,  the  other  cells  collect!  voly  form  the  inspeiisor, 
while  the  lowermost  cell  of  this  embryo-bearer  or  snspensor,  the 
attach ing-cel I,  swells  at  the  same  time  bladder-like,  absorbs  the 
entire  nncellar  tissue  up  to  the  integnment,  and  forms  the  bladder 
which  we  find  at  this  place  even  in  the  ripe  state  (comp.  Fig.  11 1, 
A).  This  swollen  cell  may  serve  to  help  on  the  absorption  of  nntri- 
mont  for  the  embryo.  The  tissue  of  the  chalaza  swells  consider-  • 
ably  at  the  same  time,  and  the  cell-contents  become  dark-coloured. 
Soon  we  see  there  the  green  endosperm -cells,  which  in  smaller 
number  snrronnd  the  rudimentary  embryo  at  the  micropylar  end 
also.  In  such  preparations  we  can  determine  that  the  swollen 
globular  embryo-cell  is  already  separated  from  the  suspensor  by  a 
partition  wall,  and  soon  after  is  divided  by  a  longtitudinal  wall, 
at  right  angles  to  which  follows  a  second  longtitudinal  wall,  and 
then  at  its  mid  height  a  crosa-wali.  The  globular  embryo  thus 
appears  divided  into  octant-cells,  in  which  are  subsequently  formed 
periclinal  and  anticlinal  walls.  The  globular  embryo  increases  in 
size  and  in  number  of  constituent  cells,  flattens  somewhat,  and 
then  from  its  anterior  end  the  cotyledons  grow  out.  These  at  first 
are  in  contact  at  their  base,  and  then  subsequently  the  growing 
point  or  pluranle  of  the  stem  bulges  out  between  them.  All  of 
these  stages  can  likewise  be  followed  in  fresh  material,  and  m  dtu, 
by  laying  the  ovules  in.  glycerine,  covering  with  a  cover-glass,  and 
then  carefully  heating  over  a  spirit  or  gas-flame.  The  ovule  is 
thus  made  transparent,  and  the  embryo  clearly  visible. 

For  the  study  of  the  monocotyledonoiu  embryo  we  select  the 
common  Water  Plantain,  Alinna  Piantago?  This  object  is,  in  fact. 
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highly  suited  to  thU  kind  of  in7e9ti;!^tio!i,  and  is  therefore  very 
comwonly  nsed  for  it.    First  of  all  we  will  make  ourselves  familiar 
witli  the  fuUy- developed  state.      The  flower  of  Alisnia  Flanlago 
containa  nnmerons  monooarpellary  pistils  ;  it  is  apocarpou,   mach 
resemhling  in  this  reiipect  the  Banuncnlaceee.       From  each  flower 
therefore   proceed   nnmerous    frnits,   which   are  closely  prcBsed 
together    in  a  single  whorl    into  a  collective  fruit,  a  dry  etserio 
of  triangolar  dntline.     Each  individual  ripe  carpel  [achene]  is 
eti-ongly  flattened    laterally,    somewhat  thicker  above,  obovate  in 
profile,  with  a  median  dorsal  groove.    At  about  mid-height  of  each 
achene.  ou  its  internal  edge,  is  a  short  thread-like  ontgrowth,  repre- 
senting   the    withered 
style    which,  therefore, 
is   ventral.      For   fur- 
ther   investigation    we 
select   an   almost    ripe 
eterio,   place   a  single 
achene  between  the  two 
halves  of  a  split  cork, 
and  draw  the  razor  be- 
tween these  two  halves, 
we  shall  thus,  withont 
trouble,  obtain   tolera- 
bly median  longitudinal 
sections ;  while  catting 
between     the     fingers 
presents  difScalties,  as 
the   testa  is    so  bard. 
At  the   same   time  we 
will      prepare       some 
cross- sect  ions     in     the 
ordinary  way,  between 
two    pieces    of    coi-k. 
The    lon^tudinal    sec- 
tions we  examine     in       '     " 

water,  to  which  we  add  a  little  potash.  For  the  cross- sections 
pure  water  suffices.  For  the  study  of  the  testa  upon  the  longi- 
tudinal sections  the  air  must  be  driven  out ;  for  this  we  can  either 
lay  the  sections  for  a  short  time  in  alcohol,  or  else  place  them 
under  the  air-pnmp.  We  also  lay  some  longitudinal  sections  in 
carbolic  acid,  and  in  this  way  obtain  figures  which  sapplement  the 


KeO^o  lonsItDdlun 
,  epicurp  {epidermis) 
lb  wall  (pericarp)  o 
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othera  in  the  most  satisfactory  way.  The  longitudinal  eection,  if 
ixjirecfcly  cut,  presents  the  appearance  of  the  adjoining  Fig.,  112. 
We  have  first  a  comparatively  thick  wall  to  the  fruit,  the  pericarp, 
which  in  its  snrf  ace  is  covered  by  the  epidermis  (ep) .  This  ia,  as  onr 
median  longitadisial  section  teaches  us,  a  pretty  sharply  delimited 
part  of  the  pericarp,  and  is  therefore  distingnished  as  epicarp. 
To  the  epidermis  follows  ft  parenchymatoaa  tissue  of  approxi- 
mately isodiametric  cells,  strongly  thickened,  filled  with  air,  and 
without  iutercellnlar  spaces  ;  this  forms  the  mesocarp  (m).  Intern- 
ally follow  several  layers  of  elongated  sclerenchymatona  elements, 
and  represent  the  endocarp  (en) .  A  perfectly  median  longitudinal 
section  cuts,  at  the  back  of  the  testa,  a  mncilage- passage  adjoining 
the  epidermis,  which  is,  however,  only  to  be  seen  well  in  an  nnripe 
testa;  in  a  ripe  one,  on  the  other  hand,  it  appears  almost  empty, 
lind  can  soai-cely  be  distinguished  from  the  neighbouring  tissue. 
Longitudinal  sections  not  truly  median  may,  on  the  other  hand, 
expose  a  fibre- vasal  bundle  (d),  which,  lying  close  to  the  sclereuchy- 
matous  endocarp,  passes  np  at  the  back  of  the  fruit,  in  order  to 
end  in  the  lower  half  of  the  ventral  edge  (at  v') .  tinder  the  place 
of  insertion  of  the  withered  style  («()  projects  the  ventral  edge 
of  the  epicarp,  which  is  here  formed  of  elongated  cells.  Adjoin- 
ing these  towards  the  interior  we  see,  in  favourable  cases,  an  air- 
passage  (()  which,  continuing  the  pollen  route  through  the  style, 
can  be  followed  to  the  base  of  the  cavity  of  the  ovary.  This  is  the 
passage  by  which  the  pollen-tubes  arrive  at  the  micropyle.  As  the 
ovules  turn  their  micropyles  to  the  dorsal  edge  of  the  ovary,  the 
polleu-tubes,  after  entering  the  cavity  of  the  ovary,  g."OW  round  the  ' 
funiculus, — Epi-,  meso-,  and  endocarp  are  even  easier  to  recognise 
in  cross  than  in  longitudinal  sections;  and  the  furrow  in  the 
middle  Hue  of  the  back  is  now  specially  noticeable.  The  seed 
almost  completely  fills  up  the  cavity  of  the  ovary,  as  the  median 
longitudinal  section  through  the  fruit  proved,  and  is  fixed  in  the 
central  position  at  the  base  of  the  cavity  of  the  ovary  by  a, 
tolerably  long,  bent  funiculus  (/).  Afibro-vasal  bundle  enters  into 
this  funiculus.  The  seed  is  campylotropons,  and  completely  filled 
by  the  embryo.  As  testa  (te)  only  a  thin  skin  ia  present,  consist 
ing  of  two  clearly  distinguishable  layers  of  cells.  Between  the  two 
we  see  here  and  there  also  a  third  crushed  layer,  which  comes  out 
more  clearly  after  swelling  in  potash.  The  inner  layer  of  cells  of 
the  testa  is  strongly  thickened  on  the  inner  side.  The  micropyle 
(wip)  is  very  prominent  on  the  seed.     The  root-end  of  the  em.bryo 
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lies  directly  aguinat  this  on  the  inside.  This  root-end  ia  somewhat 
swollen,  and  projects  in  the  middle  in  the  form  of  a  papilla.  If 
the  section  has  cnt  the  embryo  quite  centrally,  we  see  that  the 
papilliEorm  projection  is  formed  of  two  layers  of  root-cap,  whioh 
at  the  edges  pass  over  into  the  epidermis.  At  mid-height  of  the 
seed  is  to  be  seen  npon  the  embryo  an  ontward-tamed  narrow 
notch,  in  which  lies  the  growing  apex  of  the  stem  [plnmale].  This 
growing  apex  is  enclosed  in  the  cotyledonarj  sheath.  Upon  the 
apex  arises  a  median,  external  (see  fignre,  towards  the  left-hand) 
rudimentary  leaf,  which  completely  fills  np  the  notch.  The  part 
fonnd  between  this  growing  apex  and  the  end  of  the  root  is  the 
hypocotjl.  It  ia  covered  by  the  epidermis,  shows  three  layers  of 
cortical  cells,  regularly  arranged  into  a  cylindrical  cover,  and  a 
median  string  of  elongated  cells  whioh  mns  from  the  root-apex 
towards  the  growing  point  of  the  stem.  These  cortical  layers  have 
only  one  layer  of  common  initial  cells  at  the  apex.  Over  these 
rnhs  the  denaatogen,  from  which  two  layers  of  root-cap  appear 
segmented.  The  central  string,  the  plerome,  is  terminated  by  its 
own  initials.  The  hypocotyl  is  prolonged  into  a  cotyledon.  This  ia 
bent,  in  proportion  to  the  form  of  the  ovarian  cavity,  tapers  gently 
to  its  apex,  and  ends  at  the  chalazal  end  of  the  seed.  The  cotyledon 
also  consists  of  a  cylinder  of  regularly  arranged  layers  of  cells, 
and  is  traversed  by  a  central  stringof  elongated  cells.  This  string 
bends  in  under  the  growing  apex  of  the  stem,  and  joins  with  that 
of  the  hypocotyl  (see  figure).  The  cell-rows  of  the  cortex  as  well 
pass  over  from  the  hypocotyl  into  the  cotyledon  with  a  gentle 
bend.  The  cotyledon  shows  in  its  lower  part,  like  the  hypocotyl, 
three,  higher  up,  corresponding  with  its  diminution,  two,  and  finally 
only  one  layer  of  cortical  cells.  The  central  string  ends  at  some 
little  distance  from  the  apex  of  the  cotyledon.  In  the  ripe  seed 
there  ia  not  a  trace  of  endosperm.  This  seed  likewise  iji  ex- 
albuminona.  The  embyro  itself  has  all  ita  cells  densely  filled 
with  starch. — The  cross-section  of  the  seed  shows  nothing  new.  It 
presents  two  cross -sections  of  the  embryo  at  the  same  time,  separated 
by  a  narrow  strip  of  tissne  which  passes  over  into  the  inner  cell- 
layer  of  the  testa.  The  structure  of  the  testa  is  more  clear  than  in 
longitudinal  aectiona.  The  cross -sections  of  the  embyro  show  the 
concentric  arrangement  of  the  cortical  layers  very  beautifully. 

The  two  angiospermons  plants  investigated  by  us  offer  na  tmly 
typical  but  extreme  examplea  of  embyro  formation  in  dicotyledona 
tad    monocotyledons    respectively;    types   which    are  far    from 
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exhaiistiog  the  whole  diversity  of  cases  which  have  been  investi- 
gated. Thus,  amongst  dicotyledons  are  examples  of  embryos 
which  have  only  one  cotyledon  (Carwm  Bulboca»tanum,  the  Pig- 
nut, Ranuncuhu  Ficaria,  the  Pilewort  ) ;  and  amongst  mono- 
cotyJedons  those  ii  which  the  cotyledon  arises  laterally  from  the 
growing  apex  of  the  stem  (Dioscoreaceee,  Commelynacese).^ 

The  two  cases  studied  above  are  both  eiamplea  of  ezat- 
bnminoaB  seeds,  i.e.,  of  seeds  in  which  the  endosperm  formed  in  the 
embryo-sac  is  completely,  or  almost  completely,  absorbed  into  the 
embryo  daring  its  early  growth,  and  stored  up  mostly  in  the 
interior  of  the  cells  of  the  cotyledons.  An  example  of  the  other  . 
primary,  but  less  common,  type  of  seed,  known  to  Bystematists  as 
the  albuminous  seed,  t.e.,  one  in  which  the  endosperm  formed  in  the 
embryo  sac  is  not  absorbed  by  the  embryo  until  the  period  known 
as  germination,  has  been  already  in  part  studied  by  ns  in  Chapter 
II.,  especially  in  the  caso  of  Triticfiia  as  a  Monocotyledon,  and 
Bicintie  communis,  the  Castor  Oil,  as  a  Dicotyledon.  It  is  advisable 
for  the  student  to  complete  his  study  of  the  structure  of  seeds  by 
a  careful  study  of  the  ripe  seed  of  this  latter  plant,  first  removing 
the  testa,  as  it  is  too  hard  for  satisfactory  section  cntting.  The 
embryo  is  straight;  the  two  large,  delicate,  veined,  cotyledons  lie  on 
either  side  of  a  narrow  central  cavity,  which  nearly  separates  the 
seed  into  two  halves ;  the  radicle  projects  towards  the  curious, 
wart-like  micropylai  aril  which  will  have  been  noticed  at  one  end 
of  the  testa.  The  information  given  in  the  above  chapter  will 
enable  the  student  to  fill  in  the  details  of  the  structure  of  the 
seed. 

On  account  of  its  special  interest,  we  will,  however,  make  a 
farther  study  of  the  grain  of  wheat,  the  fruit  of  Trilieum  vulgare. 
The  ovary  of  the  flower  of  the  wheat-plant  is  superior,  or  free,  and 
contains  a  single  ovule.  This  latter,  in  its  development,  com- 
pletely fills  the  cavity  of  the  ovary,  the  pericarp  adhering  to  tho 
testik,  as  is  shown  in  Fig.  11,  p.  19,  and  both  being  strained  and 
flattened,  so  that  the  constituent  cells  collapse.  We  may  investi- 
gat«  either  softened,  or,  what  is  even  better,  just  ripe  grains.  If 
we  take  softened  grains,  we  must  take  care  that  the  gi'ain  is  only 
just  soft  enough  to  make  it  suitable  to  cut.  The  ripe  grain  of 
wheat  shows  in  the  middle  line  of  its  inner  side  a  deep  furrow, 
corresponding  with  the  ventr<il  sutuns  of  the  ovary.  At  the  base 
of  tho  opposite  aide  is  the  enibryo,  recognisable  as  a  slightly  elliptic 
protubei-ance  ending  conically  below.     The  flattened  top  of  the 
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graiil  ia  crowned  with  haira,  between  which  ia  the  filiform  remnant 
of  the  style.  The  K'rain  of  wheat  ia  not  a  nated  seed,  but  a  one- 
Reeded,  dry,  indehisoent  fruit,  &  caryopBls. — Take  first  of  all  cross- 
eectiona  of  the  grain  at  about  mid-height,  and  examine  them  in 
water  or  in  glycerine,  and  later  on  mkhi  ths-  addition  of  a  little 
potash.  Leaving  the  farrow  out  of  the  question  for  the  present, 
we  find  that  the  exterior  is.  constitnted  of  one  or  se-verai  layers  of 
thickened  pitted  cells,  the  walls  of  which  are  highly  refractive  and 
yellowish,  and  colonr  a  deep  yellow  in  potash.  The  ootermost 
layer  of  these  cells  is  the  epidermis-  (Fig.  112*,  A  ep.),  the  enc- 
ceeding  layers  (e)  belong  to  the  inner  tissa«  of  the  wall  of  the 
frnit,  or  pericarp,  and  the  innermost  layers  are  for  the  most  part 
obliterated.  To  this  enter  tissue  succeeds  a  layer  of  tangentially 
elongated,  straight,  or  more  or  less  onrved,  cells  (chl),  distinguished 
by  numerous  narrow,  cross-set  pits.  Now  and  again  in  the  inner 
side  of  this  pitted  layer  we  see  tube-like  cells,  which  indicate  the 
inner  epidermis  of  the  pericarp.  This  is  all  that  remains  of  the 
pericarp.  The  tissue  next  following  appertains,  totbe  seed.  It 
is  separated  from  the  pericarp  bymore^or  less  numerous  air  spaces. 
The  testa  shows  first  a  thin,  apparently  homogeneous,  colourless 
skin,  arising  from  a  layer  of  cells  witH  obliterated  caTities ;  to  this 
follows  a  similar  narrow  layer,  the  scarcely  recognisable  cavities 
of  which  have  brown,  contents.  These  two-  layers  are  represented 
in  a,  in  Fig.  112a,  A ;  together  they  constitute  the  testa  ;  the  out. 
lines  of  their  cells  are- recognisable  upon  tangential  sections.  All 
the  elements  of  pericarp  and  testa  are,  so  far  as  thay  possess  cavi- 
ties, filled  with  air,  To  the  testa  succeeds  a'  relatively  thick, 
strongly  refractive,  white  skin  (n),  which  owes  its  origin  to  the 
ontermost  layer  of  the  tissue  of  the-  nucellus..  In.  ordinary  seeds 
this  would  be  known,  as  the  tegnun.  The  original  cavities  of  the 
cells  in  this  are  indicated  by  narrowi  granular,  tangential  strite. 
To  this  layer  follows  the- layer  of  radially  elongated  aleurone-con- 
taining  endosperm  cells  (fil),  which  we  have  ah'eady  studied  in 
Chap.  11;  and  next  to.  these  come  the  celh-of  the  inner  endosperm, 
filled  with  starch.  The  wall  of  the  furrow  sh&ws  the  mesocarp 
much  increased  in  quantity,  and  the  layers  progressively  of  larger 
cells;  white  in  the  middle  line- the  elements. are  agajni  small,  thin- 
walled,  witbont  interstices,  and  have  a  median),  weakly  developed 
vascnlar  bundle.  The  layer  ehl  is  thicker,  and  contains  chlorophyll 
and  large  air-cavities ;  the  outer  nucellar  layer  thickens  into  a 
cushion  of  tissue,  behind  which  the  aleurone  layer  is  often  wanting 
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This  increased  development  oE  the  outer  tissues  accompaDies  a 
deeper  infolding  of  the  endosperm  than  of  the  testa  and  pericaqi, 
and  a  sharp  limit  between  the  tissue  of  the  seed  and  of  the  frnit  is 
not  recognisable  in  the  farrow.  A  tangential  section  taken  from 
the  snrface  of  the  grain  shows  ns  that  the  epideriais  and  adjoining 
tissue  of  the  wall  of  the  frnit  consists  of  longitndinallj  elongated 
cells,  and  the  tisane  of  the  pitted  layer,  on  the  other  band,  of  hori- 
zontally elongated  cells,  and  that  the  outer  layers  therefore  consist 
of  cells  set  at  right  angles.     The  best  impression  of  these  layers  is 
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obtained  if  the  sections  are  laid  for  a  conple  of  hoars  in  chloral 
hydrate,  and  afterwards  examined  in  the  same  fluid. 

Let  ns  now  endeavour  to  obtain  a  tolerably  median  longitudinal 
section  through  the  ripe  grain,  for  which  purpose  we  must  not, 
however,  nse  air-dry,  but  softened,  or  even  better,  grains  which 
are  jnst  ripened.     The  embryo  will  show  specially  well  in  sections 
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e^tAinined  in  carbolio  acid,  or  treated  with  potash  and  examined 
in  glycerine.  We  will  first  examine  the  section  with  a  low  power, 
and  afterwards  work  over  it  oai-eEntly  with  a  high  power  for  the 
porpose  of  detailed  atndy.  We  begin  with  the  embryo.  This  is 
situated  obliqneiy,  at  the  base  of  the  body  of  the  endosperm 
(Pig. 112a,  J?),  and  is  in  contact  with  it  by  means  of  the  scntellnm 
(«;.).  The  scntellum  appears  in  longitudinal  sectioa  as  a  flat 
etrnctnre,  which  at  both  upper  and  nnder  termination  ends  free 
in  a  blnnt  projection.  Below  the  npper  end  a  short  excrescence 
arises  from  the  scatellam  (cf.  figure),  which  is  to  be  looked  upon 
as  a  lignlar  stractare  (T).  Bounding  the  scutellum  in  the  npper 
half  of  the  embryo  is  the  sheath-like  cotyledon  (o).  This  sheath- 
ing cotyledon  surrounds  many  rudiments  of  leaves,  which  decrea.se 
in  size  inwards.  The  largest  of  these  leaf-rudiments  stands  in 
the  middle  line  toward.'^  the  exterior.  Between  the  youngest 
(innermost)  of  the  leaf- rudiments  lies  the  growing  apex,  from 
this  point  of  view  appearing  relatively  narrow  and  steep  (pv.). 
Together  with  the  leaf- rudiments  this  forma  the  rudimentary  bud, 
the  plumule.  The  plumule  and  the  cotyledon  are  home  upon  the 
stem,  or  hypoGOtjl  (^lip).  Upon  its  outer  side  this  produces  a 
small  free  l^:iLle  (0-  The  hypocotyl  is  pi-olonged  below  into  the 
radicle  (r),  which  is  dissected  somewhat  obliquely  forwards. 
Even  with  low  magnification  this  shows  the  central  plerome, 
closed  cone-wise  towards  the  apex,  and  surrounded  by  the  peri- 
blem  and  darmatogen.  At  the  apex  the  periblem  and  dermatogen 
come  tt^ether  into  a  single  layer  of  cells  (compare  with  this 
Fig.  69,  p.  184).  Inside  the  plerome -cylinder  the  rndiments  of 
the  first  vessels  can  be  very  easily  seen,  and  traced  right  up  to 
its  apex.  The  root-cap  (cp)  lies  over  the  apex  of  the  root  as  a 
transparent  cover.  The  whole  of  this  rudimentary  root  lies  in 
a  closed  sheath,  the  ColeorMza  (cl),  and  is  sharply  limited  towards 
it  by  a  clear  line,  which  indicates  the  thickened  walls  of  its 
dermatogen  cells.  This  clear  line  is  lost  over  the  root-apex,  be- 
tween the  body  of  the  root  and  the  root-cap.  At  its  base  thin 
root-sheath  passes  over  into  the  tisane  of  the  hypocotyledonarj 
axis.  At  its  part  wfaich  eueheaths  the  root-apex  the  coleorhiza 
is  swollen  into  a  wart-Hke,  clearly  diatinguiahable  projection 
(compare  the  figure).  A  string  of  elongated  cells  (vs)  can  be 
traced  from  the  hypocotyl  into  the  scutellum;  the  epidermal 
cells  (ce)  on  the  onter  surface  of  the  scntellum  are  diatiuguiahed 
by   their    considerable   radial    elongation.      The    scntellum  is   a 
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fiheath-]ike  outgrowth  from  the  baae  of  the  cotyledon,  and  most 
therefore  b«  looked  upon  as  a  part  of  it.  It  remains  in  the  seed 
daring  germinatiou,  and  serves  as  a  suctorial  onjai.  The  absorp- 
tion of  the  food- material  9  tabes  place  by  means  of  the  cylindrical 
epidermal  cells  (epitheliam),  and  continues  until  the  whole  of 
the  reserve  food- materials  of  the  endosperm  are  ezhaasted. 

The  embryo  lies  in  immediate  contact  with  the  teota,  while  the 
pericarp  is  here  somewhat  thicker,  hnt  more  loosely  constructed. 
Under  the  wart-like  apex  of  the  coleorhiza,  i.e.,  as  the  place  from 
which,  in  germination,  the  radicle  will  project,  there  a  still  further 
reduction  and  a  depression  (m)  is  TisiWe.  The  fruit  has  a  very 
short  stalk  (p),  and  we  can  see  the  vascolar  bundle  (rp),  which 
enters  here  and  passes  into  the  funiculus  of  the  seed,  which  is 
fosed,  however,  with  the  pericarp,  and  the  vascular  bundle  is 
hardly  recognisable.  Further  inwards,  however,  can  be  seen  a 
much  more  noticeable  string  of  grey-brown  elongated,  slightly 
pitted  cells,  which  we  have  already  noticed  in  the  cross- section. 
The  vascolar  bundle  itself  is  embedded  in  delicate  walled,  colour- 
less, slightly  elongated  cells.  Further  inwards  are  the  layers  of 
nucellar  cells,  with  fairly  thick,  white  walls ,  and  then  comes  the 
aleurone  layer  of  the  endosperm.  This  is  readily  separable  from 
the  nucellar  cells,  bo  that  an  air  space  is  often  present  at  this  part. 
Towards  the  embryo  the  endosperm  is  not  hounded  by  an  aleurone 
layer,  bnt  by  a  fairly  thick  layer  of  swollen  cell-walls,  which 
•"epresent  endosperm  celjs  which  have  been  crushed  back  by  the 
en! aiding  embryo. 

The  ripe  grain  of  wheat  germinates  very  easily,  and  we  will 
therefore  make  use  of  it  in  order  to  study  the  early  stages  o£ 
germination.  It  will  suffice  t-o  embed  ripe  grains  in  moist  saw- 
dust ;  it  is  even  enough  to  stand  ripe  ears  for  a  few  days  with 
their  lower  ends  in  a  glass  of  water.  The  pericarp  of  the  grain 
is  first  of  all  broken  through  at  its  weakest  part  (m),  that  which 
corresponds  with  the  micropyle  of  the  seed:  the  coleorhiza  pro- 
trudes, and  out  of  its  tip  the  rapidly  lengthening  radicle  soon 
projects.  The  coleorhiza  surrounds  the  base  of  the  radicle  like 
a  sheath.  Above  this  point  the  lowermost  pair  of  lateral  roots 
subsequently  arise,  each  likewise  surrounded  at  its  base  by  a  root- 
sheath,  or  coleorhiKa.  The  whole  grain  swells  considerably,  and 
ruptures  the  pericarpio  covering  more  or  less  completely.  If  this 
is  lifted  off,  we  can  easily  see,  with  the  lens,  the  ligulc  between 
*he  bases  of   the   two    lateral   i-oots.     The   cotyledonary  sheath 
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elongates,  and  assumes  a  greenish  colour.  After  it  has  attained 
about  fifty-fold  its  original  length,  it  is  broken  through  at  its  apex 
by  the  first  bright  green  foliage  leaf.  Considerably  later  than  the 
first,  or  lower,  pair  o£  lateral  roots  is  produced  a  second,  upper 
pair.  The  original  distance  apart  of  the  structures  in  the  neigh- 
bourhood of  the  lateral  roots  remain  unchanged,  and  shows  that 
the  hypocotyl  andergoea  no  considerable  elongation.  The  lateral 
roots  soon  equal  in  development  the  principal  roots,  a  tap-root  is 
therefore  not  prodnced. — From  a  seedling  which  has  already 
produced  all  its  rudimentary  roots,  we  now  ont  off  all  the  elon- 
gated parts,  and  prepare  a  median  longitudinal  section  through 
the  frait.  We  can  now  easily  see  that  the  growing  point  remains 
pretty  much  in  its  old  position,  having  only  developed  a  number 
of  new  leaf  •rudiments,  The  scutellum  has  in  general  not  in- 
creased in  size,  excepting  as  to  its  cylindrical  epithelium,  the 
cells  of  which  have  elongated  still  more,  and  more  or  less  com- 
pletely isolated  from  one  another  laterally,  8o  aa  to  resemble  hairs; 
they  have  rich  protoplasmic  contents. — It  is  of  great  interest  for 
ns  now  to  take  a  little  of  the  endosperm  tissue,  difEase  it  iu  a 
drop  of  water,  and  examine  it  with  a  high  power.  Amongst  the 
more  or  less  numerous  starch-graius  which  are  still  unchanged 
will  appear  others  which  have  become  corroded  by  the  action  of 
diastatic  ferments  which  have  been  produced  in  the  course  of  ger- 
mination. Such  grains  appear  peculiarly  changed.  Partly  still 
white,  of  their  original  density,  and  without  clear  lamination,  they 
are  in  other  places  transparent,  sharply  laminate,  and  with  the 
concentric  layers  traversed  by  more  or  less  dense  radial  strie. 
Many  grains  appear  as  i£  reduced  thereby  to  vermiform  particles, 
and  finally  such  grains  are  completely  dissolved. 

N0TE8   TO  CHAPTER  XXX. 

'  Comp»re  Hanstein,  Bol.  AbhandL,  Bd.  I. ,  Heft,  i.,  p.  6.  WeBtermaier,  Flora 
1876,  p.  183.  Fanuntzin,  ilim.  tU  I'Acad.  Imp.  d.  Se.  d.  St.  Petenb.,  TU.  Sor., 
Tom.  XXVI.,  N,  10.  Kny,  Bot,  Wandta/cla,  Hc(t  i.,  p.  20.  A  collection  of  aU 
embrjologicat  literature  in  Goebel,  Vergl.  Entii)ickiuj^ige$i:liichte,  in  Sohenk'a 
Handb.  d.  Bot.,  Bd.  III.,  p.  166  ft  trq. 

?  Hnnstein,  as  above,  p.  S3;  Famintzin,  as  above,  p.  4. 

>  The  liteiatue  la  ia  Goebel,  as  above,  p.  1G9  tt  u%. 
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CHAPTER  XXXI. 
THE  FRDIT   OF  ANOI03PEBM3. 

Material  Wakted, 


Ripe  plum  or  cberrj,  and  apple.    Fresh. 

Ripe  orange,  and  young  orange  ovaries  of  variona  ages,  from  the  full- 
bloim  flower.    Fresh.    These  can  be  obtained  all  the  year  round. 

One  of  the  simplest  possible  cases,  namely  the  formation  of  the 
capanle  from  the  inferior  ovary  in  Oi-chideffi,  we  have  already 
come  to  know;  likewise  an  even  simpler  ease  in  the  achene  of 
AlUma  plantago ;  in  the  following  pages  v/e  will  turn  onr  atten- 
tion to  some  more  complicated  cases. 

A  ripe  plum,  Frunas  domeetica,  shows  upon  its  snrface  a  delicate 
covering  of  wax,  the  so-called  "  bloom,"  which  in  a  surface  view  of 
the  epidermis  appears  as  a  finely  granular  covering.  The  same 
view  shows  the  epidermis  composed  of  cells,  which,  combined  into 
groups,  betray  clearly  their  origin  from  common  mother-cells 
They  contain  rose-red  cell-sap.  A  delicate  cross-section  shows  ns 
under  the  epidermis  some  layers  of  cells  rapidly  increasing  in  size, 
and  farther  in  cells  which  remain  uniformly  lai^e.  These  are 
rounded  ofE  from  one  another,  but  form  however  only  small  inter- 
cellular spaces.  They  contain  vety  small,  scattered,  yellowish- 
green  chlorophyll -grains,  a  thin  peripheral  layer  of  protoplasm,  a 
nucleus,  and  for  the  rest  colourless  cell-sap.  This  parenchymatous 
tissue  is  traversed  by  numerous  branching  fibro-vasal  bundles. 
Towards  the  stone  the  parenchymatous  tissue  becomes  snialler 
celled,  radially  elongated.  The  stOEe  itself,  which,  in  order  not  to 
brealc  the  razor,  must  be  cut  with  the  greatest  possible  care  on 
a  surface  previously  prepared  with  a  strong  pocket-knife,  consists 
of  very  strongly  thickened  and  lignified  elements,  the  walls  of 
which  are  traversed  by  beautifully  branched  canals.  The  history 
of  its  development  shows  that  the  stone  belongs  to  the  wall  of  the 
ovary,  the  pericarp ;  and  that  the  epidermis  of  the  plum,  the  epi- 
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carp,  arises  from  the  epidermis  of  the  ovary  ;  that  the  flesh  of  the 
fruit,  the  mesocarp,  arises  from  the  tissue  of  the  ovary  nnderlying 
the  epidermis ;  and  the  stone,  or  eodocarp,  from  its  inner  tissne. 
The  entire  tissue  of  the  plum,  including  the  shell  of  the  stone, 
owes  its  origin  therefore  to  the  wall  of  the  ovary.  Sarronnded  by 
the  stone  is  the  seed,  consisting  of  the  embryo,  a  delicate  testa, 
and  a  remnant  of  the  endosperm  remaining  between  the  embryo 
and  the  testa.  If  we  cnt  it  across  we  can  easily  distinguish  the 
two  cotyledons,  lying  flat  together,  A  median  longitudinal  sec- 
tion of  the  seed  shows  ns  at  its  base,  between  the  two  cotyledons, 
the  hypocofcyl  of  the  embryo,  with  its  radicle  projected  into  the 
pointed  micropyiar  end  of  the  seed,  and  between  the  base  of  the 
two  cotyledons  the  bud  or  plumule.  The  embryo,  during  its  in- 
crease in  size,  has  absorbed  the  entire  tissue  of  the  ovnle,  up 
to  the  very  thin  testa,  from  which  still  arises,  quite  close  to 
the  micropyle,  the  withered  fnniculns.  Delicate  cross-sections 
through  the  seed  show  ns  the  testa  composed  of  collapsed  layers  of 
cells,  and  covered  on  its  oater  side  with  rounded  cells,  thickened 
either  only  or  chiefly  upon  the  sides,  bulging  outwards,  and  stand- 
ing either  singly  or  in  gi-onps.  Between  the  testa  and  the  cotyle- 
dons is  a  m.ore  or  less  thick  layer  of  endosperm,  here  and  there 
reduced  to  a  single  layer  of  cells,  or  entirely  absorbed.  Surface 
sections  of  the  testa  show  us  that  the  thickened  projecting  ele- 
ments are  single  cells  or  groups  of  cells  of  the  testa.  These  have 
been  thickened  while  their  neighbours  remain  nnthickened  j  and 
as  these  latter  collapse  the  former  project.  The  pits,  abundant 
upon  the  side  walls,  give  to  these  cells  an  elegant  appearance. 
Where  two  thickened  cells  are  in  contact,  the  pits  come  together. 
The  history  of  its  development  shows  that  the  testa  arises  from  one 
integument  of  tbe  ovule.  Two  ovules  are  present  in  the  ovary,  of 
which  only  one  is  developed  further.  Such  a  fmit  as  the  plnm  ia 
known  as  a  drupe. 

This  description  of  the  plum  will,  apart  from  unimportant  dif- 
ferences, serve  likewise  for  the  cherry,  which  therefore  can  be 
Investigated  in  the  place  of  the  former.  This  enlarges  the  oppor- 
tunity of  examination  in  the  fresh  state,  since  cherries  or  plums 
can  be  obtained,  more  or  less  ripe,  from  April,  or  even  earlier,  till 
October,  inclusive. 

We  will  now  make  ourselves  acquainted  with  the  microscopical 
structure  of  an  apple  (Pyms  Malus).  The  apple,  like  the  plum 
and  cherry,  belongs  to  the  6»ib.j  iadeUsceat  fruits ;  while,  how- 
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erer,  the  plum  or  cherry  owes  ita  origin  to  a  anperior  orary, 
formed  from  a  single  carpellary  leaf,  the  apple  arises  from  an  in- 
ferior, five-celled  ovary,  composed  of  five  carpellary  leaves.  How- 
ever, having  regard  to  the  relations  which  the  nearly  allied  roses 
offer,  wa  can  assume  that  the  five-celled  ovary  here  is  immersed  in 
a  hollowed  flower-stalk,  a  so-called  hypanthium  or  receptacolar 
tube,  and  is  adnato  to  this.  Many  reasons  concur  to  render  this 
conclusion  highly  probable.  To  describe  the  apple  or  the  hip  [fruit 
of  the  rose]  as  a  pseudo-fmit  is  at  any  rate  incorrect,  since  the 
structure  producing  the  apple  differs  in  no  way  from  the  inferior 
ovary  of  many  other  plants.  The  apple  is  crowned  at  its  top  by 
five  more  or  leas  completely  shrivelled  sepals,  and  also  by  the 
withered  relics  of  the  rest  of  the  floral  parts.  Surface  sections  show 
the  epidermis  of  the  apple  to  be  composed  of  comparatively  small 
polygonal  cells,  upon  which  grouping,  as  a  result  of  development, 
can  still  be  recognised.  The  walls  of  the  cells  are  pretty  strongly 
thickened,  their  cell-sap  either  colourless  or  rose-coloured.  The 
surface  of  the  epidermis  is  covered  with  a  finely  granular  cover- 
ing of  wax.  The  small  prominences,  which  are  readily  visible  on 
the  surface  of  the  apple  with  the  lens,  are  occupied  in  their  centre 
by  a  stoma.  The  tissue  under  such  a.  stoma  is  often  dead,  or  else 
the  epidermis  is  here  raptured,  and  the  wound  closed  with  cork. 
Thin  cross-sections  show  us  that  the  epidermis  is  strongly 
thickened  on  its  outer  side.  Below  it  lie  several  layers  of  tan- 
gentially  elongated  cells,  with  tolerably  thick  walb,  which,  pass- 
ing inwards,  gradually  become  larger  and  thinner- walled,  and  at 
the  same  time  chlorophyll-contaming.  No  sharp  limit  between 
epicarp  and  mesocarp  is  therefore  proseut.  The  chlorophyll- 
grains  are  filled  with  starch;  their  colour  disappears  towards- 
the  interior  of  the  apple,  they  at  the  same  time  become  less 
numerous  ;  at  length,  at  a  certain  depth,  the  lai^e  bladdery  cells 
of  the  mesocarp  contain,  besides  the  delicate  peripheral  layer  of 
protoplasm  and  nucleus,  for  the  most  part  only  colourless  cell-sap; 
the  intercellular  spaces  are  here  filled  with  air.  Fibro-vasal 
bundles  are  scattered  in  the  "Entire  tissue. — The  five  cells,  forming 
the  "core,"  are  covered  each  by  a  smooth,  hard,  cartilaginous  mem- 
brane, the  endocarp.  This  corresponds  with  the  shell  of  the  plum- 
stone.  It  consists  of  several  layers  of  sclerenchy ma-fibres,  thick- 
ened almost  to  the  obliteration  of  their  cavity,  and  the  thickening 
layers  of  which  are  pierced  by  fine  pores.  Surface  sections  show 
that  these  sclerenchy  ma-fibres  slope  irregularly,  often  are  bent, 
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and  in  the  didereat  layers  have  oppositely  inclined  conraes.  The 
five  cells  often  sepai-ate  in  the  middle,  forming  a  central  cavity, 
into  which  the  individnal  cells  then  asnally  open.  At  the  base  of 
each  cell  are  inserted  two  ovules,  of  which  both,  or  only  one,  pro- 
duce seeds,  or  of  which  commonly  neither  develops  further.  The 
seed  is  almost  filled  by  an  embryo  of  the  same  structure  as  the 
plum  or  the  cherry.  The  browa  testa,  ou  the  other  hand,  is 
much  thicker  than  in  the  last-named  plants.  In  cross-section  it 
shows  an  epidermis,  the  cells  of  which  outwai-dly  are  strongly 
thickened,  the  estenial  layers  colourless,  and  capable  of  strongly 
swelling,  the  inner  brown-colonred  and  not  swelling.  In  sections 
laid  in  water  the  swelling  layera,  increasing  in  volume,  at  length 
bi-eab  through  the  cuticle,  and  project  outwards  like  papillte.  It 
is  these  which  make  the  wet  seeds  slippery.  The  thick  tissue 
underlying  the  epidermis  appears  in  cross-section  to  be  formed  of 
polygonal  cells,  rounded  at  the  angles,  brown,  and  pretty  strongly 
thickened,  to  which  succeeds  a  layer  of  cells  only  about  one-third 
so  thick,  tangentially  elongated,  but  less  strongly  thickened. 
These  btn-der  on  a  shining  white,  thick  membrane.  This  last 
arises  from  the  strongly  thickened  outer  walls  of  the  outermost 
layer  of  the  nucelliis ;  the  entire  remainder  of  the  testa  comes  from 
the  outer  integument  of  the  ovule.  The  inner  integument  of  the 
ovule  is  very  early  absorbed.  The  nucellar  cells,  the  thickening 
layers  of  which  appertain  to  the  tesfca,  are  mostly  collapsed,  as 
also  are  the  rest  of  the  cells  of  the  nncellus  which  are  present. 
To  this  collapsed  layer  of  tissue  succeeds  a  thin  layer  of  endo- 
sperm, which  is  also  absorbed  here  and  there,  and,  so  far  as  it  is 
present,  sheathes  the  embryo.  The  endosperm-cells  are  densely 
filled  with  ale u rone-grains.  As  successive  surface  sections  show, 
the  epidermis  consists  of  cells  which  are  comparatively  but  little 
elongated,  the  inner  thickening  layers  of  which  are  porous.  The 
tissue  following  the  epidermis,  which  in  cross-section  appears 
isodiametric,  shows  now  to  be  elongated  in  longitudinal  direction 
and  provided  with  obliquely  mounting  cleft-like  pits.  The  ra- 
dially elongated  inner  elements  of  the  testa  are  arranged  at  right 
angles  to  the  preceding. 

The  cross  section  through  a  ripe  orange.  Citrus  vulgaris,  [or 
U.  aurantium,y  shows  externally  the  part  designated  tind,  and 
interaally  the  cells  filled  with  the  orange-red  flesh,  the  number  of 
which  cells  is  indefinite,  and  varies  from  6  to  12.  The  cells  are 
separatad  laterally  by  thin  partition -walls,  which  combine  into  a 
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central  colamn  of  tisane.  If  yon  wish  to  apply  the  cnBtomary 
dcfiignatiooB  of  the  parts  of  a  fruit  to  the  structure  of  this,  we 
can  speak  of  the  outer  rind  as  epicarp,*  the  orange-red  flesh  as 
mesocarp,  the  inner  colnmn  of  tissne  and  the  partition- walls  as 
endocarp.  We  enter  now  into  a  microscopical  investigation  of  the 
individnal  parts.  In  delicate  cross- sections  through  the  rind  we 
see  most  externally  ft  small-celled  epidermis,  to  which  adjoins  a 
tissue  of  gradually  enlarging  cells.  The  epidermis  and  adjoining 
tissue  contain  orange-red  chromatophores,  which  further  inwarda 
disappear.  Intercellular  spaces  filled  with  air  appear  here  between 
the  cells,  and  gradually  enlarge,  since  the  tissne  itaelf  acquires  the 
character  of  a  looser  spongy  parenchyma.  The  elements  of  this 
latter  are  extended  in  the  tangential  direction.  The  rind  is 
traversed  by  fibro-vasal  bundles,  which  the  cross-section  lays  bare 
chiefly  in  the  direction  of  their  long  axis,  and  which  branch  to- 
wards the  periphery.  Adjoining  the  epidermis  are  the  lai^  glands 
of  ethereal  oil,  visible  to  the  naked  eye.  They  show  thronghont 
the  structure  known  to  us  from  Ruta,  and  allow  the  inner  invest- 
ment of  delicate  cells  to  be  readily  distinguiehed.  The  fruit, 
observed  macroscopically  from  the  outside,  shows  the  oil-glands  as 
darker  spots,  the  tissue  sepai'ating  them  as  a  brighter  net-work. 
— A  delicate  surface -sect  ion  of  the  outer  side  shows  us  first  the 
small  polygonal  epidermal  cells.  Those  lying  over  the  oil-glands 
are  distinguished  by  a  want  of  the  orange-red  chromatophores ; 
they  contain  ia  place  of  them  colourless  globules  of  various  sizes. 
Scattered  in  the  epidermis  are  the  stcmata,  devoid  of  protoplasm, 
and  closed  on  the  inner  side.  The  next  deeper  sections  give  in- 
structive views  of  the  oil-glands  and  terminations  between  them 
of  the  fibro-vasal  bundles.  Still  deeper  sections  show  the  spongy 
tissue  of  elongated  sac-like  cells.  Adjoining  the  loculi  of  the 
ovary  the  cells  of  the  rind  become  still  longer,  fibrous,  in  part 
strongly  thickened  and  then  provided  with  narrow,  obliquely 
moanting  pita.  The  partitions  between  the  loculi  are  constructed 
in  the  same  way;  in  the  interior,  of  spongy  parenchyma;  outwardly, 
of  fibrous,  in  part  thickened  tissue.  The  spongy  elements,  found 
outside  the  loculi  as  well  as  in  the  interior  of  the  partitions,  easily 
fall  out  of  union.  The  fibrous  elements,  on  the  other  hand,  appear 
pretty  firmly  connected  together.  The  best  view  of  these  latter  is 
obtained  in  snrface  view.  We  separate  the  contents  of  the  loculi 
from  one  another  in  the  customary  way ;  the  spongy  tissue  snr- 
<■  This  view  U  not  generally  held  in  England.     [Ed.J 
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rounding  the  loculi  is  thus  torn,  the  fibrous  layer  remains,  how- 
ever, as  a  delicate  white  shetith  aroand  the  flesh  of  the  frnit.  If 
we  now  spread  oat  such  a  sheath  and  examine  it  with  strong 
magnification,  we  see  it  conatrncted  of  several  layers  of  fibres, 
running  parallel  to  the  surface  of  the  loculua  and  at  right  angles  to 
its  long  axis.  Between  nuthickened  fibres  are  scattered  others-  of 
similar  form,  thickened  and  pitted. — The  flesh  of  the  frnit  consists 
of  clnb-shaped  sacs,  of  which  it  can-  he  readily  identified,  even 
macroscopically,  that  they  all  arise  from  the  enter  side  of  the 
locnlns.  They  are  here  inserted,  with  a  narrow  base,  and,  crowded 
together,  fill  up  the  locnlus.  The  more  deeply  they  extend  into  the 
locnlns  the  longer  they  are ;  their  conrso  is  radial,  at  right  angles 
with  the  long  axis  of  the  loculus.  Each  individual  club  shows 
at  it«  surface  to  be  surrounded  by  a  layer  of  closely- united  elon- 
gated fibrous  cells,  jost  as  we  see  them  in  the  bonndary  of  the 
loculns.  Interpolated  between  these  cells  ai-e  single  ones,  more 
strongly  thickened,  and  provided  with  obliquely  ascending  pits, 
The  interior  of  the  clubs  is,  however,  filled  with  very  large,  poly- 
gonal, delicate- walled  cells,  fnll  of  sap,  in  the  interior  of  which  are 
visible  spindle-shaped,  very  narrow,  orange-red  chromatophores. 
The  central  core  of  tissue,  in  which  the  partitions  come  together, 
is  formed  of  the  same  spongy  parenchyma  as  in  the  internal  part 
of  the  rind. — In  "  quartering  "  an  orange  we  free,  as  we  see,  the 
contents  of  the  locnli,  surrounded  hy  the  fibrous  layer  clothing 
each  loculus,  which  is  easily  separated  from  the  spongy  paren- 
chyma. This  fibrous  layer  can  now  bo  very  easily  separated  from 
the  sides  of  each  "  quarter,"  with  more  difficulty  from  its  outer 
'  surface,  because  here  the  sacs  of  the  flesh  are  joined  to  the  fibrous 
layer.  In  the  flesh  the  seeds  lie  embedded  in  uncertain  number. 
They  occupy  the  inner  edge  of  the  sections,  taming  their  place  (rf 
insertion  inwards.  In  isolating  the  sections  the  seeds  are  separated 
from  the  placenta ;  nsaally,  however,  portions  of  the  inner  core  of 
tissne,  together  with  the  placentsa,  cling  to  the  inner  edges  of  the 
sections. 

As  the  orange  trees  of  botanical  gardens,  etc.,  readily  provide  the 
required  material,  in  the  way  of  fruit  in  all  stages  of  ripeness  at 
the  same  time,  we  will  endeavour  to  traee  out  the  development  of 
this  fruit,  stopping,  however,  at  only  the  most  important  stages. 
The  cross-section  through  an  ovary  taken  from  a  flower  shows 
already  a  pretty  thick  wall,  having  oil-glands  in  its  periphery,  and 
also  %  strongly  developed  central  core,  while   the  locnli  appear 
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comparatively  small.  Tlic  ovales  are  inaerted  in  two  rows  in  the 
inner  angles  of  the  loculi,  and  with  their  long  axis  arranged 
radiallj  ontwarda.  The  locnli  are  clothed  with  epidermis,  'which 
is  bounded  by  two  or  three  layers  of  a  tissue  without  inter-spaces, 
while  farther  in  the  tissne  has  air-con taiaing  intercellular  spaces. 
From  the  onter  surface  of  each  locnins  small  protuberances 
already  project  inwardly;  in  their  formation  the  internal  epidermis 
and  the  next  succeeding  coil-layer  take  part.  The  croas-section 
through  a  small  mdimentary  fruit  of  about  -J  inch  diameter  shows 
in  the  place  of  the  small  protuberances  cylindrical,  small-celled 
emei^nces,  which  extend  to  varioua  depths  in  the  locnins,  and 
have  already  began  to  press  in  between  the  rudimentary  seeds. 
Their  epidermis  is  continuous  with  that  of  the  localas,  while  their 
inner  cells  pass  over  into  the  hypodermal  tissue  surrounding  the 
loculns.  Individual  emei^ences  remain  at  an  earlier  stage  of 
development,  and  the  cells  of  their  surface  grow  out  into  papillie. 
The  older  now  the  mdimentary  fruits  we  investigate  ai-e,  so  much 
the  longer  are  the  aaca  which  fill  up  the  enlai^ing  locnli.  The 
locnli,  however,  at  first  always  remain  very  small  in  proportion  to 
the  rapidly  thickening  rind,  in  the  periphery  of  which  the  number 
of  oil-glauda  undergoes  corresponding  increase.  The  flesh-sacs 
now  begin  to  swell  into  a  club  in  their  upper  part,  their  epidermis 
to  elongate  in  the  long  dii-ection  of  the  sac,  while  the  inner  cells  of 
the  sac  by  successive  cross-division  remain  isodiametric.  More- 
over a  highly  refractive,  yellowish  content  distinguishes  the  inner 
cells  of  the  sac  from  its  epidermis.  A  notable  elongation  parallel 
to  the  surface  of  the  loculns  is  undergone  also  by  the  epidenaia 
clothing  the  loculns,  and  the  layers  contiguous  to  it,  which  were  ■ 
early  distinguished  by  the  want  of  interstices.  All  this  is  already 
completed  in  a  rudimentary  fruit  of  from  ^  **"  ?^  inch  diameter, 
and  the  important  stages  of  development  arc  therefore  cleared  up, 
for  the  sacs  now  only  need  farther  to  enlarge,  and  to  differentiate, 
in  order  to  attain  the  stage  already  known  to  us  in  the  ripe  fruit ; 
from  the  epiderraia  of  the  loculus  and  the  tissue  adjoining  it, 
proceed  however  the  fibrous  layer  surrounding  the  segments  of 
the  fruit ;  the  tissue  of  the  central  core,  and  of  the  rind,  which 
already  contains  air,  produces  the  spongy  parenchyma ;  in  the 
periphery  of  the  rind  the  oil-glands  are  in  course  of  progressive 
development,  and  the  layere  which  now  contain  chlorophyll  will 
later  contain  the  orange-red  chroma tophore 8. 

Cross-sections  through  an  ovary  taken  from  a  fiower,  treated 
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with  potash,  oaailj  show  as  ovules^  in  median  longitudinal 
section.  The  ovnleH  are  anatropoas ;  we  determine  npoa  them 
the  existence  of  two  thick  integuments,  of  a  nacellus,  and,  in 
perfectly  median  sections,  also  a,  email  embryo-sac.  Pollination 
and  fertilization  in  the  orange  are  separated  by  about  four  weeks. 
To  study  the  processes  of  fertilization  offers  difficulties ;  if  we 
tnm,  however,  to  the  rudimentary  seeds  of  a  fruit  about  ^  inch 
thick,  we  can  easily,  in  longitudinal  sections  prepared  between 
the  fingers,  find  in  the  apex  of  the  embryo-sac  the  still  few-celled 
rudimentary  embryo.  The  nucellns  is  hollowed  in  the  form  of  a 
funnel,  and  the  way  by  which  the  pollen-tube  has  passed  into  it  is 
marked  by  small  cells  rich  in  contents.  Of  the  inner  integument 
the  innermost  layer  of  cells  is  distinguished  by  their  brown  colora- 
tion, and  the  email  size  of  the  elements.  The  inner  integument  is 
only  a  few  cells  thick,  while  the  onter  has  considerable  thickness. 
Upon  this  latter  the  epidermis  begins  to  fill  with  finely  granular 
contents,  and  to  thicken  on  the  onter  side.  If  the  rudimentary 
seeds  have  attained  a  length  of  from  ^  to  -^  inch,  a  very  pecnliai- 
pheuomenon  is  to  be  observed  in  them.  In  the  immediate 
proximity  of  the  apex  of  the  embryo-sac, — or,  now  and  again, 
even  at  a  considerable  distance  from  it, — projecting  protuberances 
show  themselves  in  the  hollow  of  the  embryo-sac,  which  clearly 
are  traceable  to  luxuriant  growth  of  the  surrouuding  nncellns. 
In  this  way  in  Citrus,  as  in  a  number  o£  other  Angiosperma; 
adTflntitions  embryos  are  produced,  besides  the  fertilized  embryo. 
Median  longitudinal  sections  through  the  nest  older  rudimentary 
seeds  show  ns  the  same  kind  of  rounded  rudimentary  embryos,  in 
different  stages  of  development,  projecting  into  the  embryo-sac, 
and  with  especial  frequency  at  its  anterior  end.  Here  and  there 
we  can  make  out  that  the  embryo  developed  from  the  oospore 
has  likewise  further  developed.  The  formation  of  endosperm 
quickly  follows,  and  on  longitudinal  sections  through  the  next 
older  rudimentary  seeds  we  find  the  embryo-sac  completely  filled 
with  endosperm.  Into  this  latter  the  young  embryos  are  pushed, 
and  some  of  them  soon  begin  to  produce  their  two  cotyledons, 
and  to  assume  the  typical  form  of  the  dicotyledonous  embryo. 
The  nncellus  is  absorbed  by  the  embryo-sac  up  to  the  outermost 
layers  of  cells.  Of  the  outer  integument  the  epidermal  cells  have 
elongated  considerably  in  longitudinal  direction,  and  at  the  same 
time  increased  in  height.  The  thickening  of  their  outer  walls  has 
gono  on  very  strongly.     The  other  tissue  of  the  outer,  as  well  as 
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that  of  the  inner  mtegament,  have,  on  the  other  hand,  nndergone 
uo  important  change.  Ab  we  can  make  out  npon  still  older 
rndimentary  seeds,  the  embryos  soon  begin  to  be  impeded  in 
their  development;  one  or  more  get  the  npper  hand,  and,  after 
all  the  endosperm  has  been  absorbed,  fill  up  the  embryo-Eac.  The 
longitndinal  section  through  the  ripe  seed  then  shows  either  one 
or  serei-al  embryos  pressed  together ;  besides  those  fully  developed 
are  also  some  incomplete  and  imperfectly  developed.  Polyem- 
bryony  in  the  orange  is  therefore  dependent,  not  on  the  presence 
of  several  oospheres  in  the  embrjo-sac,  all  capable  of  fertilization, 
but  on  the  formation  of  adventitious  embryos.  The  testa  consists 
of  the  outer  cell-layers  of  the  nuoellus,  densely  filled  with  contents, 
and  of  the  two  integuments.  The  limit  of  these  two  towards  one 
another  is  obliterated,  while  on  the  other  hand  the  innermost  layer 
of  the  inner  integnraent  is  well  marked  by  its  brown  colour  The 
epidermis  of  the  outer  integument  has  attained  considerable  height, 
and  is  thickened  on  its  side  walls  also  by  newly  formed  obliquely- 
bitted  thickening  layers.  The  thickening  masses  laid  on  out- 
wardly swell  with  lying  in  water,  and  give  the  seed  its  sUppery 
mncilaginona  enrface.  The  last  produced,  inner  thickening  layers 
increase  in  volnme  in  their  npper  parts,  and  project  outwards  like 
pap  ills. 

NOTES  TO  CHAPTEH  XXSI. 

'  CompsTs  Poulaen,  Botanuka  Neluer  lUg.  of  Norditedt,  1877,  p.  97,  wheM 
the  other  literature  is  given. 
»  E,  Strasburger,  Jan,  Zeitich.f.  Katurw.,  Bd.  SH.,  1878,  p.  6fi3. 
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CHAPTER  XXSn. 
cell-division  and  nucleab  division. 

Material  "Wantei*. 

Yonng  flower-buda  of  TradgtcanHa  Tirginica,  m-  allied  species,  June 

to  August.     Fresh. 
Flower-bndB  of    various  ages   of   eoma    Liliaceona    plant,    sucb  aa 

Fritillaria  Persica,  or  other  species.  Tulip,  Lilmm,  etc.     Fresh. 

Also  the  same  in  abaoluto  alcoho). 
Flower-buds,  various  ages,  of  a  Eanunculaceoos  (Buch  as  SelUborat 

fcetidua)  or  Papaveraccoua  plant.    Freeh. 
Oladophora  glo»ierala.     fresh. 
Old  intemodes  of  Tradetcaatia  Virgiitiea.     Iifaj  to  September.   Fresh 

or  in  alcohol. 
Sterna,  about  {  inch  thick,  of  the  Baokthom,  Rhnmnvt  Frangula. 

Thb  best  and  most  c^^in  object  npcm  whict  to  follow  easily 
tbe  division  of  the  nncleus  and  the  cell.i  is  the  staminal  hairs  of 
[the  Spider-wort,]  Tradeseantim  Virginica,  already  known  to  na, 
or  of  Bome  nearly  allied  species.  We  ntnst  obserre  the  hairs, 
however,  in  a  stage  of  development,  in  which  they  are  not  yet 
fally  formed,  and  are  foand  in  active  cell- multiplication.  For 
this  purpose  we  take  fco-  investigation  flower-buds,  which,  without 
stalk,  measure  between  ^  and  ^  inch  in  height.  We  open  these 
bads,  and  first  pull  off  the  anthers  ^m  the  filaments  with  fine 
forceps.  Then  with  the  scalpel  we  make  a  cat  across  under  the 
insertion  of  the  ovary  and  the  filaments,  and  lift  this  part  entire 
oat  of  the  bod.  We  lay  it  in  a  drop  of  3  p.  c.  solution  of  sugar, 
and  then  separate  the  filaments  from  their  foundation  with  needles 
oader  the  simple  microscope.  The  ovary,  and  all  the  rest  of  the 
body  of  the  flower,  is  removed  from  the  preparation.  We  can 
observe  the  preparation  directly  upon  the  object-glass,  aa  it 
remains  alive  under  the  cover-^lass  for  a  considerable  time,  and 
admits  of  the  nse  of  the  ^tioigest  objectives.  Or  we  place  the 
^reparation     in  a  drop  of  the  sugar  solution     on  a  cover-glEiss, 
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which  we  then  lu^  apaide  down  Qpon  the  edges  of  a  moist 
chamber.  We  can  thns  retain  the  hairs  in  developmental  con- 
dition for  a  half  day  or  more,  although  the  hairs,  lying  deeper 
in  the  suspended  drop,  will  not  admit  of  such  high  powers.  In 
general  we  moat  take  care,  therefore,  that  the  suspended  drop  is 
spread  ont  flat. 

The  reBting  nnclens  appears  finely  pnnctate  (Fig.  ll^t,  1, 
bottom  cellj  ;  bat  examined  with  stronger  modification,  or  in 
cells  which  have  been  brought  somewhat  under  the  influence  of 
the  surrounding  fluid,  we  see  that  the  minute  granules  are  not 
isolated,  but  closely  connected  into  rows,  forming  fine  threads 
wound  in  and  out :  the  entire  nucleus  thus  foi-ms  a  network  or 
ftramework  enclosed  in  a  delicate  membruie.  Between  the  coils 
of  the  thread  ai-e  distinguishable  several  nucleoli  of  various  sizes. 
The  nneleaa  is  surrounded  by  a  little  cytoplasma,  which  is  con- 
nected with  the  peripheral  protoplasm  by  plasmic  threads.  This 
protoplasm  contains,  besides  the  scarcely  distinguishable  micro- 
Bomata  or  microsomas,  strongly  refractive  grains— lencoplasta. 
The  nnclens  getting  ready  for  division  increases  in  si7.e,  and  from 
its  fine  framework  forms  gradually  a  coarsely  granular  thread. 
The  nucteos  then  begins  to  elongate,  and  the  coils  of  its  thread 
arrange  themselves  in  obl'quo  direction,  approximately  parallel 
to  one  another  (Pig.  113,  2).  At  the  same  time  the  cell-plasma 
begins  to  collect  at  the  two  poles  of  the  nucleus.  We  can  easily 
observe  all  these  progressive  changes  in  one  and  the  same  cell, 
bnt  this  requires  a  comparatively  long  time  and  continnons,  or 
only  briefly  interrupted,  observation.  The  grains  in  the  threads 
then  become  indistinct,  this  assumes  gradually  a  homogeneous 
aspect,  and  lays  its  coils  in  definite  fashions  which  are  not  in 
all  phases  easy  to  follow.  In  cells  which  are  dying,  the  nuclear 
figures  become  for  a  shoH  time  clearer.  Hence  we  can  conclude 
from  nnmeroQS  observations  that  the  coils,  in  the  first  place  running 
obliquely,  are  folded  in  the  equatorial  plane  of  the  nucleus,  and 
at  the  same  time  are  placed  parallel  to  its  long  axis.  The  nuclear 
thread  then  segments  at  the  places  where  it  is  folded,  alike  at 
the  poles  and  the  eqnator,  and  the  nuclear  figure  then  consists 
of  individual  pieces  of  thread  which  are  bent  ia  the  eqnator  like 
a  hook.  The  next  rearrangements  ore  again  uncertain.  First 
sharply  defined  is  the  ata.ge  in  which  the  thread- segments  show 
themselves  as  separated  into  two  bundles  of  straight  segments, 
approximately  of  equal  length,  with  their  ends  coming  together 
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in  the  eqnator  (3).  If  these  danghter-aegments  are  epeciallj 
long  they  bead  at  their  polar  ends  into  a  hook.  The  daaghter< 
segments  are  eqaally  nxuneroas  in  the  two  opposite  bundles. 
Since  the  stage  in  which  we  saw  the  cOHrsely  granular,  obliquely 
arranged  threads  (3)  abont  an  hour  may  have  passed  away.  The 
segments  appear  almost  homogeneoas  ;  bat  with  stronger  magni- 
Gcation  we  can  recognise  slight  constrictions  on  the  smface,  which 
betray  its  constmction  ont  of  snccessire  discoid  pieces.      With 


Fig.  113.-  TnnUuaHtia  Firf 
Kin.  1.  witb  a  [eBttng  DUCleiiB 
Fijc,  ».  with  >  aarteXj  erana 
gtag«a  ot  ilivl«iou  followed  : 
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limited  time  we  choose  this  last  stage  as  the  first  for  continuous 
observation.  .We  have  now  to  look  for  the  separation  of  the 
two  nuclear  halves  in  the  next  few  minutes,  and  this  pi'oceeds 
BO  quickly  that  we  can  see  it  take  place.  The  two  nuclear  halves 
remove  from  one  another  in  the  longitudinal  direction  (4).     Five 
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minutes  later,  tli«  two  naclear  halves  are  a  noticeable  distanee 
from  one  another  (5),  The  daughter-segmeats  do  not  always 
separate  from  one  another  simnltaneoaaly,  many  remain  hehind 
and  then  hasten  after  the  othere.  At  the  same  time  we  see  the 
daughter-segments,  during  their  movement  apart,  bend  at  the 
poles,  beooming  according  to  their  position  somewhat  shorter  and 
correspondingly  thicker  (5).  Between  the  nuclear  halves  remains 
a  snhstauce,  transparent  as  glass,  which  is  qnickly  increased  in 
quantity  by  the  immigration  of  the  plasma-masses  previously 
collected  at  the  poles  (5  and  6).  In  this  transparent  central  mass 
a  finer  stractnro  is  not  noticeable,  but  we  can  make  out  later 
that  this  mass  is  in  fact  differentiated  into  threads.  It  assumes 
gradually  a  barrel  shape.  From  25  t<i  30  minutes  may  have 
elapsed  since  the  commencement  of  the  separation,  and  we  see 
appear  in  the  equatorial  plane  of  the  central  mass  dark  points 
arranged  in  rows.  In  the  next  moment  these  points  fuse  together, 
and  we  notice  in  their  place  a  sharply  defined  dark  line,  the 
young  partition  wall.  This  has  therefore  proceeded  fi-om  the 
small  granules.  These  latter  are  microsomes,  and  form  what  we 
distinguish  as  the  cell-plats.  In  the  middle  transparent  proto- 
plasmic substance,  and  at  like  distance  from  the  two  nuclear 
halves,  a  cell-plate  is  therefore  first  produced,  and  from  this  pro- 
ceeds the  yonng  partition  wall.  If  the  central,  barrel-shaped 
plasmic  body  has  been  formed  so  broad  that  it  fills  the  entire 
ci-oss- section  of  the  cell,  we  see  the  partition  wall  at  once  joined 
on  all  sides  to  the  wall  of  the  mother-cell.  If,  on  the  other  hand, 
the  plasmic  mass  does  not  ooonpy  the  entire  cross -section,  it  in 
all  cases  adjoins  one  side  of  the  wall  of  the  mother-cell,  and  we 
see  it  now,  after  the  young  partition  wall  has  been  formed  on  this 
side,  move  about  inside  the  cell,  bo  as  gradually  to  come  into 
contact  in  all  directions  with  the  wall  of  the  mother-cell,  and 
thus  complete  the  parts  of  the  edges  of  the  partition  wall  which 
are  still  wanting.  The  central  body  withdraws  therefore  a  little 
from  the  partition  wall  which  is  already  present,  and  completes 
the  parts  which  are  wanting  by  forming  cell-plate  sections  in  their 
positions  (7-9).  During  these  processes  we  see  the  daughter- 
segments  bend  at  their  equatorial  ends  round  towards  the  interior 
of  the  naclens  (T,  8).  The  ends  of  the  daughter- segments  in  this 
way  come  ultimately  into  lateral  contact,  and  fnse  together. 
Then  once  more  only  a  single  nuclear- thread  is  present,  forming 
a  coil.      The  nuclear- thread  in  the  daughter- naclei   now  ^ain 
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begias  to  become  finely  granular,  and,  with  atronger  magnification, 
we  note  that  it  begins  to  change  into  a,  thin  thread,  bent  zigzt^ 
to  aud  fro  (Fig.  9,  and  the  npper  cell  of  1).  The  coiU  of  this 
thread  become  longer,  produce  loops  constantly  increasing  in 
number,  these  ultimately  anastomose,  and  bo  form  gradually 
{10  and  11)  the  stage  which  formed  the  starting  point  of  our 
observations.  At  the  sam.e  time  the  two  danghtei-nticlel  increase 
in  size,  and  we  assunte  that  they  are  nonrishod  at  the  expense 
of  the  Bnrroanding  cytoplasm.  They  approach  slowly  nearer  to 
the  newly-formed  partition  wall.  About  an  hour  and  a  half  after 
the  commencement  of  the  separation  the  formation  of  the  danghter- 
nuoiei  is  complete,  and  even  nucleoli  are  visible  in  them  (iJ). 
— Treatment  with  reagents  gives,  in  the  hairs  of  Tradescantia,  re- 
sults of  little  advantage.  They  are  best  fixed  by  1  p.  c.  acetic  acid, 
so  that  we  can  make  use  of  acetic  methyl-green  in  order  to  stain 
them  at  the  same  time.  We  can  thus  easily  make  ont  that  the 
barrel-shaped  mass  of  plasma,  lying  between  the  two  nuclear 
halves,  in  which  the  partition  wall  is  formed,  and  which  appear 
clear  as  glass  in  the  fresh  state,  really  consists  of  threads,  which 
ioin  together  the  two  rudimentary  daughter- nnclei.  We  designate 
these  threads  as  connecting  threads ;  the  innermost  have  a  straight 
coarse,  the  rest  describe  curves  so  mnch  the  more  marked  as  they 
approach  the  edge  of  the  system.  The  granules  which  form  the 
celt  plate,  in  case  the  proper  stage  is  fixed,  ai-e  very  clearly  visible, 
and  appear  with  stronger  magnification  as  equatorial  swellings  of 
the  individual  connecting  threads. 

In  order  quickly  to  obtain  nuclei  asd  cells  in  a  fixed  condition 
in  the  dividing  state,  we  take  for  investigation  the  pollen  mother- 
cells  of  the  Monocotyledons.  Especially  to  be  recommended  are 
many  Liliaces ;  as  Fritellaria,  Liliujn,  Alstrmmena,  which  possess 
especially  lai^e  pollen  mother-cells  and  nuclei.  These  genera 
stand  so  closely  together  in  their  relations  that  they  can  mntually 
replace  one  another.  As  we  shall  base  oar  description  npon 
Fi-itellaria  Pernca,  we  now  state  expressly  that  almost  any  species 
of  Lilium  and  AhtTcemeria,  and  indeed  moat  Liliacem  and  Ama- 
ryllidacesB  can  replace  it.  It  is  at  any  rate  oE  great  advantage  to 
select  plants  that  nnite  in  their  inflorescences  numerous  flowers 
becoming  successively  ripe.  Which  buds  conceal  the  desired 
developmental  stage  of  the  pollen  mother-cells,  we  must  find  out 
by  testing.  We  open  a  very  yonng  flower  hud,  take  out  an  anther 
with  the  forceps,  place  it  in  a  drop  of  acetic  metliyl-green,  or 
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Bcetio  gentiana- violet,  lay  a  coTer-glass  upon  it,  aad  press  upon 
it  with  a  flat  object,  till  the  anther-oells  are  flatteaed  and  their 
contents  evacuated.  The  evacuated  oontentg  are  immediatelj 
fixed  by  the  acetic  acid  and  stained  by  the  methyl -^reen  or 
gentiana- violet,  and  we  can  see  at  once  whether  we  have  before 
OB  resting  nnclei,  or  in  a  state  of  division.  If  the  pollen  mother- 
cells  are  already  divided  into  four  daughter- cells,  or  the  yonng 
pollen-gi-ains  are  already  separated  from  one  another,  we  mnat 
go  back  to  younger  flower  bnds.  Whether  we  have  to  do  with 
young  pollen-grains,  or  with  pollen  mother-cells,  we  can  easily 
i-ecognise  by  the  thick  colonrless  walls  of  these  latter.  We  go 
back  to  continually  younger  buds  until  we  can  see  in  the  nuclei  of 
the,  as  yet,  thin-walled  and  connected  mother-cells  a  fine  thread- 
like coil,  and  a  flat  nncieolns  lying  against  the  wall  of  the  nucleus. 
At  this  stage  of  the  development  the  coiled  thread  contracts  under 
the  influence  of  the  reagents,  withdraws  (Fig.  114,  a)  from  the 
nuclear  wall  (this  latter  remaining  uncoloured),  and  we  can 
determine  that  this  wall  is  a  membrane  formed  by  the  surrounding 
cell-plasma  (cytoplasm).  The  nncieolns  we  will  here  distinguish 
as  a  latere  nacleoliu  (paraAnclfloloa),  because  it  occupies  a 
peripheral  position,  and  moreover  otherwise  comports  itself  some- 
what differently  from  the  ordinary  nucleolus.  This  paranucleolus 
is  characteristic  of  the  nucleus  of  all  pollen  and  spore  mother-cells. 
The  "  coil  "  condition  above  observed  has  developed  from  that  of 
the  resting  nucleus,  which  we  shonld  find  in  still  younger  flower 
buds,  and  which,  jnst  as  we  are  accustomed  to  find  it  in  the 
resting-nuclens,  shows  a  fine  framework  and  several  nucleoli. 
With  the  coiled  thread  and  paranucleolns  we  have  reached  the 
preparatory  stage  for  cell -division,  so  we  now  pass  step  by  step 
to  older  flowers.  To  fix  them  for  the  purpose  of  study  we  can 
either  use  acetic  or  formic  methyl-green,  or  acetic  or  tormic  iodine- 
green,  or  acetic  or  formic  gentiana- violet,  or  lastly  piero-nigrosine. 
All  these  media  fix  immediately,  and  each  has  special  adrantagea, 
BO  that  we  can  with  profit  test  them  all.  Preparations  stained 
with  gentiana- violet  or  with  picro-nigrosine  can  be  preserved  in 
glycerine  without  decolorizing. — As  a  characteristic  next  succeeding 
state  we  meet  with  that  (i),  in  which  we  see  lying  in  the  enlarged 
nuclear  hollow,  against  the  nuclear  wall,  segments  of  the  nuclear 
thread,  about  12  in  number.  These  pieces  of  the  thread  appear 
distribated  pretty  uniformly  on  the  nuclear  wall.  They  are  exctn- 
sivoly  stained  by  treatment  with  acetic  methyl-green,  while  the 
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unclear  hollow  appears  colonrless.  This  latter,  provided  we  have 
t-nt  a  comparatively  youDg  state,  contains  only  homogeneous  cell- 
sap  ;  if  we  have  an  older  stage  tlie  nuclear  Iiollow  is  already 
triiversed  by  a  gieater  or  less  number  ot  fine  cytoplnsmic  threads. 


■    §11  =  • 


The  pnraDQcIeolDS  is  feebly  colonred,  and  attached  somewhere  to 
the  nuclear  wall,  or  to  a  segment.  These  s^ments  have  been 
formed  from  the  nuclear  thread,  which  we  previoasly  saw  forming 
a  coil.     The  thread  had  shortened  considerably,  thickening  at  the 
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Game  time,  broadened  into  a  band,  and  nltimatelj  has  separated 
into  the  said  eegnients.  In  most  facoarable  cases  "we  can  deter- 
mine diat  each  of  these  segments  has  split  in  the  direction  of 
its  length  into  two  equally  thick  daughter- segments  (b).  The 
daughter- segments  separate  in  part  from  one  another,  and  form 
Y-shaped  or  X-shaped  figures.  The  next  sacceeding  characteristic 
state  presents  us  with  the  unclear  spindle  (c).  This  shows  eqaa- 
torially  placed,  strongly  stained  segments,  which  form  the  saclflAT- 
plate,  and  delicate  nnstained  spindle-flbrSB,  which  converge  towards 
the  two  poles  of  the  nnclear  spindle,  1o  these  spindle-fibres  are 
attached  the  segments  of  the  nuclear  plate.  The  segments  of  the 
nnclear  plate  have  the  form  of  a  T  lying  down,  and  dii'ect  their 
two  aiTDS,  following  the  spindle-fibres,  towards  the  poles.  Seen 
from  the  pole,  the  nuclear-plate  presents  an  appearance  as  in  Fig. 
114,  d. 

The  number  of  the  segments  regularly  distributed  in  the 
nuclear-plate  is  in  this  plant  usually  12.  The  segments  of  the 
nuclear-plate  correnpond  with  the  longitudinally  divided  pairs  of 
segments,  which  we  previously  observed  attached  to  the  nuclear- 
membrane.  The  nuclear  membrane  has  been  dissolved,  the  sur- 
rounding cytoplasm  has  penetrated  into  the  nuclear  hollow,  and 
a  portion  of  it  has  produced  the  spindle- fibres.  Following  these 
spindle-fibres  the  pairs  of  daughter- segments  arrange  themselves 
into  the  nnclear  plate.  Each  segment  of  the  nuclear-plate  is 
therefore  a  pair  of  daughter- segments,  the  foot  of  the  T  consists  of 
the  adjoining  parts  of  the  daughter- segments,  usually  fused  under 
the  infiuence  of  the  reagent ;  the  arms  are  the  separated  parts. 
With  this  the  preparatory  phases  of  cell-division,  the  prophases, 
are  completed  — Now  begin  the  phases  of  separation  and  rearrange- 
m.ent  of  the  daughter-segments,  the  metaphasei  of  division.  In 
this  process  the  two  sister- segments  of  each  pair  separate  from 
one  another,  and  at  the  same  time  wheel  round  polewards,  so  that 
they  now  lie  with  their  convex  portion  towards  the  poles  (e). 
These  conditions  are  more  rarely  met  with  in  preparations,  as  they 
are  passed  through  very  quickly;  we  can  however  see  the  further 
phases  of  the  separation  of  the  sister- segments,  which  appertain 
to  the  receding  ])hases  of  division,  the  anaphases.  Such  a  stage 
we  see  in  Fig.  114,/.  The  daughter- segments  follow  the  spindle- 
fibres,  and,  drawing  closer  together,  reach  their  polar  ends.  Here 
their  ends  fuse  together,  and  form  a  danghter-ooil  (g).  Ail 
the  conditions,  from  the  beginning  of  the  'Wparation  to  the  last- 
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observed  stag^o,  are  often  fouud  together  in  the  contents  of  ont 
anther-locnlna.  While  the  danghter-segmenta  move  towards  thf 
poles,  the  gpindle-fibres  remain  behind  as  connecting  threads 
between  them  (/,  g).  The  number  o£  connecting  threads  is  in- 
creased by  the  intercalation  of  new  ones,  and  they  ultimately 
form  a  barrel-shaped  structure.  Soon  the  connecting  threads  are 
only  clearly  marked  in  the  equatorial  parts,  and  in  the  equatorial 
plane  itself  appears,  aa  thickenings  of  these  threads,  a  row  of 
grannies,  which  represent  tte  cell-plate  (g).  The  cell-plate 
ultimately  extends  over  the  whole  diameter  of  the  cell,  the 
elements  of  the  call-plate  fuse,  and  form  a  partition  wall,  which 
halves  the  mother-cell  into  two  danghter-cella.  In  each  daughter- 
nucleus  is  formed  a  thin-threaded  coil,  the  turns  of  which  remain 
parallel  to  the  original  arrangement  of  the  daughter- segments. 

Later  preparations  show  na  that  the  nuclear  thread  in  the  nuclei 
of  the  daughter- cells  again  becomes  coarser  (h) .  Its  coils,  differing 
in  this  respect  from  the  mother- nucleus,  gradually  elongate  at  right 
angles  to  their  original  direction,  and  form  loops  in  the  equator 
(t).  The  points  of  curvature  at  the  poles  and  in  the  equator  are 
broken  through,  the  segments  contract,  and  withdraw  to  the 
equator.  Thus  arises  tho  nuclear  plate,  in  which  the  spindle-fibres 
on  both  sides  are  very  difficult  to  recognise  (k,  right-hand).  Tho 
segments  of  the  nuclear  plate  are  arranged  into  a  wreath  (fc,  left- 
hand).  The  division  of  the  two  nnclei  follows  in  the  same,  or  in 
two  planes  cutting  one  another  at  right-angles,  hence  giving 
figures  with  two  views,  as  in  (fc).  The  segments  of  the  nuclear 
plate  divide  in  tho  direction  of  their  length,  though  this  cannot 
bo  seen  in  preparations  fixed  in  this  way.  Then,  however,  the 
daughter-segments  withdi-aw  from  one  another,  and  their  reduced 
thickness  bears  witness  to  their  having  split  (I).  The  subse- 
quent processes  correspond  with  those  in  the  mother-cell.  The 
two  cells  divide  in  the  same  way  into  four  grand- daughter- cells, 
which  either  lie  in  the  same  plane  (m),  or  cross  one  another  at 
right-angles,  according  to  the  direction  which  the  nuclear  division 
took.  The  four  grand- daughter-cells  soon  acquire  their  own  walls, 
and  are  set  free  by  solution  of  the  wall  of  the  mother-cell. 

Preparations  fixed  in  this  way  do  not  suffice  for  more  careful 
researches  upon  nuclear  and  cell -division.  For  this  purpose  we 
prepare  anitable  material  by  laying  the  flower-buds  of  various  ages 
in  absolute  alcohol.  Preparations  fised  with  chromic  acid,  picric 
acid,  or  mixtures  with  chromic  acid,  are  here,  in  general,  inferior 
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to  alcohol -material.  Taking  objeeta  whict  maBt  have  lain  at  least 
three  days  in  abeolnte  alcohol,  we  rapidly  prepare  longitudinal 
sectionB  throagh  the  aathera,  and  lay  these  in  a  solntion  of  safranin 
in  absolate  alcohol,'  first  dilating  the  solation  with  about  one-half 
distilled  water.  In  a  drop  of  this  flnid  upon  an  object-slide  the 
sections  can  afterwards  be  exsjnined,  in  order  to  determine  ap- 
proximately which  stage  of  dirision  they  contain.  In  the  safranin 
Bolntion  the  sections  have  to  lie  for  from  twelve  to  twenty-fonr 
honra,  and  then  they  are  transferred  to  absolute  alcohol,  and 
moved  to  and  fro  eo  long  as  they  give  off  ^sible  clonds  of  colonr. 
We  then  place  the  sectiona  in  oil  of  cloves  (h^^^^i*  ^^^^^  ui  oil  of 
marjoram),  and  as  soon  as  they  are  completely  saturated,  in  cold 
solution  of  gam-dammar  (dammar  dissolved  in  warm  turpentine, 
and  evaporated  to  a  syrup),  or  in  Canada-balsam  (dissolved  in 
chloroform  or  in  turpentine),  in  which  they  remain  unchanged. 
With  accnrate  treatment  the  unclear  substance  alone  is  stained  ; 
the  spindle-fibres  are  only  feebly  marked  in  such  preparations. 
The  structural  relations  of  the  cytoplasma  are  most  sharply 
defined  in  a  filtered  solution  (as  thick  as  syrup),  of  the  clearest 
possible  shellac  in  absolute  alcohol.  Canada-balsam  clears  the 
preparation  even  more  than  dammar  solution.  Gentiaua-violet, 
with  the  same  kind  of  treatment,  gives  nuclear  colorations  which 
are  almost  better  than  safranin.' — la  order  to  make  the  spindle- 
librea  more  visible,  we  lay  a  number  of  sections  of  the  alcohol- 
material  in  very  dilate  htematoxylin  (log'wood)  solution,  made  by 
dropping  into  a  watch-glass  full  of  water  only  a  few  drops  of  an 
old  Grenacher's  or  Bohmer'a  solution  of  logwood.  The  sections 
must  not  however  he  placed  directly  out  of  the  alcohol  into  the 
hematoxylin  solution,  but,  in  order  that  they  shall  have  no  pre- 
cipitate formed  npon  them,  must  previously  have  passed  through 
distilled  water.  In  the  logwood  solution  the  sections  remain  for 
several  hours,  during  which  the  degree  of  staining  can  be  con- 
trolled by  microscopical  test ;  when  the  desired  coloration  ia  obtained, 
wc  put  up  the  preparation  in  glycerine.  -In  ease  of  overstaining 
we  i-emiove  the  surplus  of  stain,  before  laying  in  glycerine,  by 
means  of  water,  in  wbiohtho  sections  have  to  lie  for  a  considerable 
time,  or  by  means  of  an  iron-alum  solution.  Overstained  sections 
can  also  be  treated  with  70  p.  c.  alcohol  which  contains  J  p.  o. 
hydrochloric  acid,  and  then  washed  in  70  p.  c.  alcohol,  or  water, 
containing  a  trace  of  ammonia ;  but  this  kind  of  treatment  requires 
the  greatest  possible  care.     Par  more  beautiful  logwood  prepara- 
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are  detained  by  transferring  the  sections  stained  in  watery  logwood 
into  70  per  cent.,  and  then  into  absolute,  alcohol,  thence  into  oil  of 
cloves  or  lavender,  and  from  this  into  gnm-dammar  solntion  or  into 
Canada- balsam.  The  stmctnral  relations  of  the  cytoplasma  aro 
most  aharply  defined  in  a  filtered  fiointion,  as  thick  as  sjmp,  of  the 
clearest  possible  shellac  in  absolnte  alcohol.  Into  this  solution 
tUe  preparation,  after  staining,  is  transferred  directly  from  the 
absolnte  alcohol,  and  ia  preserved  in  it  for  a  long  time  unchanged. 
The  sections  need  only  to  remain  a  short  time  in  the  alcohol  and 
the  volatile  oil. — Instructive  preparations  are  also  quickly  obtained 
by  colouring  the  alcohol-material  with  inchsine- iodine-green.* 
It  is  best  to  prepare  a  solution  of  fachsine,  and  of  iodine-green, 
each  in  50  p.  o.  alcohol,  pour  the  iodine-jfreen  into  a  sancei", 
and  slowly  add  to  it  the  fuchsine  solution  until  the  fluid  has  taken 
a  distinct  violet  colour.  The  anther  sections  to  be  stained  are 
placed  on  the  object-slide  in  a  di-op  of  this  fluid,  which  after  the 
lapse  of  abont  a  minute  is  run  off  by  tilting  the  object-slide,  and 
sacked  up  with  blotting  paper.  A  drop  of  glycerine  is  then  placed 
apon  the  object,  the  sections  arranged,  and  covei-ed  with  a  cover- 
glass.  These  sections  show  the  cytoplasma  red,  the  unclear  sub- 
stance bine,  the  paranncleolus  stained  red;  the  preparations  are 
exceedingly  beautiful  and  instructive,  though  inferior  in  sharpness 
of  delineation  to  safranin  and  good  log  wood -preparations.  They 
can  be  closed  with  Canada-balsam,  and  subsequently  with  gold  size. 
Canada-balsam  however,  as  has  been  already  mentioned  (p.  230),  is 
soluble  in  the  oils  used  for  homogeneous  immersion ;  care  should 
therefore  be  taken  not  to  allow  the  oil  to  remain  in  contact  with 
the  balsam,  and,  after  use,  to  wipe  the  oil  ofi  rapidly.  As  the 
Canada-balsam  used  in  closing  always  runs  under  the  cover-glass  a 
little,  when  it  is  used  the  object  need  not  be  protected  in  any 
other  way  from  the  pressure  of  the  cover-glass.  If  gold-size 
alone  is  used  for  closing,  it  is  recommended  first  to  draw  two  lines 
of  gold-size  across  the  object-slide  with  the  camel-hair  brnah. 
These  lines  must  be  at  such  a  distance  that  the  cover-glass  will 
rest  with  its  two  edges  upon  them.  The  cover-glass  is  first  laid  on 
when  the  lines  are  half  dry.  The  line  of  gold  size  drawn  round 
the  edge  of  the  cover-glass  must  be  laid  on  several  times,  waiting 
till  the  previous  layer  ia  dry  before  putting  on  a  new  one,  and 
using  for  the  purpose  very  dilute  gold-size,  diluted  with  linseed  oil 
The  closure  is  complete  when  the  preparation  held  up  against  the 
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light  uo  lunger  ahowH  lines  r>{  light  at  the  edge  of  the  cover-glasa. 
The  object  can  be  protected  from  the  pressure  ot  the  cover-glaaa  in 
(  way  by  laying  in  the  preparation  hairs  of 
r  minute  plates  of  mica.  Or,  for  the  protec- 
tion of  objects,  before  laying  the  cover-glass  npon  the  object-slide, 
fonr  apota  of  wax  can  be  made  upon  it,  by  means  of  the  wick  of  a 
small  wax  candle  which  ia  temporarily  lighted  and  then  pnfc  out 
i^atn.  Sach  wax  candles  can  also  be  need  in  order  to  make  a  tem- 
porary cloaing  layer  of  wax  at  the  edge  of  a  corer-glasa  already 
fixed  by  apota  of  wax  at  the  comers. 

In  longitudinal  aectiona  through  the  anthers  all  the  nkother-cells 
are  not  foaud  in  the  same  atage  of  division.  The  stagea  succeed 
one  another  in  the  one  or  other  direction,  which  is  of  considerable 
advantage  to  the  observer. 

In  order  to  become  acquainted  with  the  proceases  as  they  take 
place  in  the  pollen  mother-cells  of  the  Dicotyledons,  we  choose  as 
beat  for  examination  one  of 
the  Bannnculaceoe  or  Papa- 
veraceffi.  In  what  follows 
wo  will  refer  to  the  stink- 
ing Hellebore,  Helleborus 
foilidas ;  in  easeutiala  all 
Dicotyledons  offer  the  Siime 
conditions.  In  a  flower-bud 
which,  with  stalk,  measures 
from  i  to  -J  of  an  inch  in 
height  we  find,  usually  pro- 
gressii^  from  within  outwai-ds,  all  the  stages  of  diviaion  re 
presented  in  the  successive  anthei-s.  Here  tlso  we  crush  the 
anthers  in  the  fluids  discussed  in  connection  with  Fntillaria 
and  obtain,  moreover,  the  same  figures  as  there  only  smaller 
After  the  first  step  in  the  division  of  the  mother  nucleus  a 
cell-plate  is  produced  in  the  connecting  threads  bat  affain  dis 
solved,  while  the  nuclei  prepare  for  a  second  division  Thi^ 
second  diviaion,  to  distinguish  from  FritiUana,  corresponds  here 
completely  with  the  first.  The  pairs  of  nuclei  are  joined  by  con- 
necting-threads. These  four  nuclei  are  arranged  in  the  globular 
mother-oell  at  the  four  comers  of  a  tetrahedron  (Fig.  115,  A), 
and  connecting -threads  arise  free  in  the  cytoplasma  in  all 
directions  between  the  four  nuclei.  Hence  to  the  two  bundles 
of   connecting- threads  previously  present  four  more   are  added. 
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In  tliese  six  bandies  cell-plates  wise  (A).  These  latter  areclearly 
visible ;  the  connecting  threads,  however,  are  to  be  seen  only  in 
the  most  favourable  cases.  The  sii  cell-plates  have  the  form  of 
quadrants  of  a  circle  ;  they  join  one  another  in  the  interior  of  the 
mother-eell.  Upon  the  thick  wall  of  the  mother-cell  are  produced 
six  interior,  somewhat  projecting,  ridges  (A),  and  to  these  the 
cell-platea  join  with  their  outer  edges.  Cellulose  walls  are 
quickly  formed  from  the  cell-plates,  and  thus  the  mother-cell  ia 
divided  into  four  tetrahedrally  arranged  daughter-cells  (A). 
These  four  cells  soon  obtain  their  own  walls,  and  become  free, 
while  the  wall  of  the  mother-cell  is  dissolved. 

The  plant  upon  which  cell-division  was  first  observed  is  Clado- 
phnra  glomerata.^  We  have  already  made  ourselves  acquainted 
with  its  stmctnre,  and  know  that  it  is  mnltinnclear.  Its  cell- 
division  takes  place  without  being  accompanied  by  nuclear 
division.  Each  daughter-cell  containa,  therefore,  naturally  a 
number  of  nuclei,  which  can  further  multiply;  therefore  nuclear 
division  and  cell-division  here  appear  completely  independent  of  one 
another.  We  can  here  find  cell- divisions  at  all  honrs  of  the  day  ; 
often,  however,  search  for  them  in  vain.  If  we  have  found  one, 
we  can  hope  for  others,  for  usually,  if  they  are  dividing  at  all, 
numerous  cells  of  the  culture  tend  to  divide.  We  easily  recognise 
the  dividing  condition,  since  the  place  of  the  partition  wall  in 
course  of  formation  is  marked  by  a  brighter  ring  on  the  cell. 
The  proce.is*  begins  with  a  slight  annnlar  aggregation  of  cytoplasm 
at  the  mid-length  of  the  cell.  The  chlorophyll -layer  moves  back 
proportionally.  The  foundation  of  the  partition  wall  now  shows 
as  a  sharp  line.  It  projects  as  a  ridge  into  the  cell-cavity,  and 
forces  the  chlorophyll- layer  continually  deeper.  The  only  slightly 
marked  annular  aggregation  of  cytoplasm  remains  at  its  innei' 
border.  On  both  sides  of  the  young  partition  wall,  between  the  in- 
pressed  chlorophyll- layer  and  the  delicate  ectoplasmic  membrane, 
cell-sap  collects  ;  hence  arises  the  colourless  ring  in  a  cell  which 
is  thus  dividing.  The  chlorophyll-containing  contents  of  the  cell 
are  ultimately  cut  through,  and  the  diaphragm-like  partition- 
wall  completed  in  the  middle  so  as  to  be  closed.  The  segmented 
chlorophyll- containing  contents  of  the  cell  remain  for  some  time 
removed  from  the  newly-formed  cell- wall ;  but  gradually  approjci- 
mato  to  it.  The  cross-wall  thus  formed  is  at  fii'st  extremely 
thin,  and  ia  then  thickened  gradually  by  the  two  sister-cells. — 
The  nuclei  aie  too  small  to  permit  an  insight  into  the  peculiarities 
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of  their  processes  of  division.  Their  dividing  states  may  be  easily 
fixed  Trith  1  per  cent,  chromic  acid,  but  are,  however,  seldom  met 
with. 

All  the  processes  of  unclear  division  combined  with  an  internal 
thread-like  differentiation  are  collected  tc^ether  nnder  the  term 
indirect  diTUiOD,  as  opposed  to  the  direct  division,  -which  consists 
in  a  simple  constriction  of  the  nnclens.  Snch  direct  unclear 
division  is  often  fonsd  in  the  older  cells  of  higher  plants,  and  as 
an  exceptional  case  in  the  actively  growing  intemodal  cells  of  the 
Characeie  [  Stone  worts].' 

For  the  observation  of  direct  nuclear  divieion  in  older  cells  the 
older  intemodes  -of    Tradeecantia  Virginica  are  especially  suited 


letbjl  green  ("!  HO). 


A  longitndinal  section,  examined  in  water,  shows  them  nanally  in 
considerable  anmber  (Fig.  116,  A).  The  nuclei  show  their  original 
contents,  are,  however,  more  or  less  irregularly  constricted  into 
several  sections,  of  varions  size  and  form.  If  the  constriction  i& 
unilateral,  the  nucleus  appears  kidney-shaped ;  with  constriction  ail 
around,  it  shows  as  a  figure  of  8  or  irregularly  lobed.  In  many 
cases  the  segments  have  completely  separated,  and  lie  either  by 
one  another  or  at  a  epi^ater  or  less  distance.     The  number  of  the 
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thnB  segmented  nnclei  in  one  cell  can  amonnt  to  8  or  10.  The; 
are  of  yarions  eizes.  The  segments  also  can  mnltipl^  by  con 
Btriction.  The  nacloi  in  conrse  of  constriction  are  to  be  fonnd  in 
almost  all  the  elements  in  the  section,  and  best  in  the  parenchyma 
of  the  pith.  The  thin-walled  elements  of  the  fibro-vasal  bundle, 
which  likewise  contain  the  constricted  nnclei,  show  besides  very 
beautiful  eti^araing  of  the  protoplasm.  The  nuclei  can  be  fixed 
very  quickly  with  acetic  methyl-green  (Pig-  116,  B).  They  then 
are  very  sharply  defined. 

In  conclusion,  we  will  call  to  oar  aid  our  strongest  objectives,  in 
order  to  approach  a  qoestiou  the  determination  of  which  is  of  the 
greatest  possible  importance  for  the  collective  conception  of  the 
vegetable  body.  This  relates  to  a  reciprocal  inter-cOBiieotion  of 
the  protopIaBmic  cell-bodies  of  the  plant,  of  such  a  kind  that  they 
form  a  single,  continuons  whole.^  The  most  favourable  objects  for 
this  study  are  provided  by  the  eecondary  cortex  of  dicotyledonoas 
plants,  and  amongt  these  we  select  specially  the  Buckthorn, 
Rhamnug  Frangula.  From  a  part  of  a  stem,  at  least  ^  inch  thick, 
we  firat  remove  the  periderm  with  the  razor,  and  then  prepare 
delicate  tangential  longitadinal  sections  through  the  green  cortege. 
We  will  nse  these  sections  in  order  to  inform  ourselves  as  to  the 
stroctnre  of  the  secondary  cortex,  and  for  this  pui'poae  examine 
them  in  water.  We  direct  our  attention  principally  to  the  chloro- 
phyll-containing bast- parenchyma,  which  we  see  to  be  composed 
of  rectangular  cells,  chiefly  elongated  tangentially.  These  cells 
have  more  or  less  strongly  thickened  walls,  penetrated  by  broader 
or  narrower  pits,  in  part  so  narrow  that  they  are  difficult  to  dis- 
tinguish.* All  these  pits  are  without  "  borders."  Besides  the 
bast-parenchyma,  above  all  wilt  strike  us  the  long  baat-fibree,  and 
the  spindle-shaped  cross-sections  of  the  medullary  rays.  We  now 
prepare  new  sections,  likewise  tangential  longitudinal,  through  the 
secondary  cortex,  lay  them  upon  a  cover-glass,  and  place  npon 
them  a  drop  of  concentrated  snlphnric  acid.  After  some  seconds 
we  immerse  the  cover-glass  in  a  glass  full  of  water,  and  wash  the 
section  rapidly,  and  as  completely  as  possible.  It  can  now  be 
stained  with  watery  aniline-blue,  washed  with  water,  and  placed 
in  dilute  glycerine.  Instead  of  watery  aniline-blue,  picric  aniline- 
blue  can  be  used  with  advantage.  This  ia  prepared  by  diasolv- 
ing  picric  acid  to  saturation  in  50  per  cent,  alcohol,  and  adding 
aniline-b)ne  till  the  solntion  baa  a  blue-green  coloration.  The 
investigation  must  be  carried  on  with  the  strongest  maguification, 
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itnd,  where  possible,  with  objectives  for  homogeneona  immersion 
The  action  of  the  acid  b  what  is  desired  when  the  walls  of  tho 
baaf^parenchyma  are  bo  far  swollen,  that  the^  show  about  tho 
tiame  diameter  as  the  contracted  cell-body.  The  middle  lamellie  of 
the  walls  are  likewise  swollen,  and  it  is  this  circnmstance  which 
makee  the  object  so  favourable  for  investigation.  The  contracted 
protoplasmic  bodies  are  beanttfally  stained  by  the  aniline -blue. 
The  outlines  of  the  individnal  plaamic  bodies  of  the  cells  of  the 
cortical  parenchyma  are  smooth  on  those  eariuceswith  which  they 
bound  cell-walls  provided  with  very  fine  pits;  they  are  provided 
with  thicker  or  thinner  processes  where  the  adjoining  cell-wall 
possessed  broader  pits.  The  processes  oE  the  plasmic  body  coiTes 
pond  in  the  neighbouring  cells.  We  first  closely  examine  the 
swollen  cloaii^  membrane,  which  separates  two  especially  broad 
processes,  directed  towards  one  another.  We  find  stretched 
between  these  two  processes  a  nnmber  of  extremely  delicate, 
granular  looking  threads.  These  are  plasmic  threads,  by  which 
the  neighbouring  plasmic  bodies  communicate  while  in  the  living 
state.  The  outer  threads  of  such  a  system  are  arched,  and  remind 
one,  therefore,  strikingly  of  the  connecting  threads  which  are 
extended  between  two  sister-nuclei.  Where  the  surfaces  of  two 
celts  tnmed  towards  one  another  appear  smooth,  we  usnally  find 
the  middle  layers  of  tlie  cell-wall,  through  their  entire  extent, 
traversed  by  threads,  which  with  very  strong  swelling  of  the  wall 
are  separated  from  the  two  plasmic  bodies,  or  by  slighter  swelling 
are  still  connected  with  them.  These  threads  are  somewhat 
swollen  in  the  middle,  so  that  they  appear  spindle-shaped.  In 
specially  favonrable  cases  the  spindles  appear  interrupted  in  the 
centre,  and  their  two  halves  joined  together  by  extremely  delicate, 
granular  threads.  But  for  such  appearances  it  is  often  necessary 
to  search  long.  In  general,  all  pla.smic  bodies  do  not  show  their 
i-eclprocal  union  simultaneously ;  hut  only  those  which  were  not 
injured  in  any  way  in  the  preparation  of  the  section,  and  which 
were  quickly  fixed  by  the  sulphuric  acid.  The  injured  cells,  or  those 
which  were  not  fixed  quickly  enough,  have  withdrawn  their  pro- 
cesses.— Those  walls  which  appear  to  be  pierced  through  their 
entire  thickness  by  fine  threads,  produce  the  idea  that  we  have 
in  their  interior  exactly  the  same  thi-eads,  within  which  in  cell 
division  the  partition  wall  was  deposited,  wbicb  have  thereftH« 
remained  as  connecting  threads,  in  order  to  maintain  the  com- 
munication between  the  two  coll -bodies."*    In  the  formation  of 
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broader  pits,  the  commnnication  later  on  e:(ists  only  within  these 
pits;  however,  that  ench  direct  union  exists  by  means  of  proto- 
plasmic processes  between  neighhonring  cells  appears  now  to  bo 
proved  with  certainty. 

It  is  not  difficult,  also,  to  determine  the  connection  by  means  of 
delicate  pla.smic  threads  in  the  endosperm  of  the  Graminete.  It  is 
especially  eaay  to  see  in  tangential  sections  through  the  aleurone 
layer  of  Triticum  vitlgare  and  Secah  cereale.  In  sections  which, 
to  follow  another  method  of  treatment,  we  have  first  soaked  in 
alcoholic  tincture  of  iodine,  and  afterwards  in  watery  potassium 
iodide  iodine,  we  can,  after  subsequent  addition  of  sulphuric  acid, 
bring  the  protoplasmic  threads  in  the  side  walls  into  view  in  the 
most  pi'egnant  fashion. 


NOTES  TO  CHAPTER  XXXU. 

>  Witli  tliiE  sfclioQ  compare  SCmabarger,  Zelib.  ii.  ZeUth.,  Srd  edit.  ;  Flem- 
mine,  ZelUabtt.,  Kern  find  Zelllheilaiig ;  Straaburger,  Die  Controverain  der 
Kemlheitung.     The  other  literature  is  gnoted  Iq  these  works. 

'  Flemming,  Archiv  f.  mikr.  Anat.,  Yol.  XIX.,  p.  817. 

'  Flemming,  Zel/iubiCnnj,  etc..  p.  381. 

*  For  the  doable  BtuQing  ol  tisBues,  this  etdn  waa  first  proposed  bjr  3.  Moo- 
tarlane.    Tramact.  of  the  Dot.  Sob.  Edinburffli,  Vol.  XIV.,  p.  190. 

»  B7  yon  Mohl,  in  the  year  1635.    DUnrtalion,  printed  in  Flora,  1637. 

<  Strasburger,  Zellbilduns,  etc.,  Srd  edit.,  p.  203. 

'  Johow,  Bolamiehe  Ziiltmg,  1681,  ool.  728.  Straabarger,  Ufber  dtn 
Theilangivorg  d.  Zrllk.,  p.  98 ;  also  Arch.  f.  mikrosh.  Anat.,  Vol.  XXI.,  vheie 
the  literature  is  given. 

*  For  general  iuformation,  compfire  Strasburger,  Baa  urul  Wachitluim  der 
ZtUliSute,  1682,  p.  2i6.  For  more  special  literature,  Thnret  et  Bomet,  Etitdet 
phijcologiquti,  p.  100.  Frommann,  Stzber.  der  Jen.  Oeieltteb.  f.  Med.  irnd 
Kitnriciii.,  1879,  p.  55,  and  Beobacbtwigen  liber  Protopl.  der  PfinmenzelUn ; 
TangI,  Jahrb.  /.  wwi.  Uot.,  Vol.  XII.,  p.  170;  Rnssow.  Suber.  d.  Dorpater 
naiurf.  Qeeell.,  1S62,  p.  350  ;  Straabnrger,  Stiber.  d.  NUderrh.  Getell.  in  Bonn, 
Dec.  ith.  1682  ;  Gardiner,  Quart.  Joum.  ilicroK.  Science,  1682,  p.  366  ;  Hill- 
house,  Bot.  CenlTalbl.,  Bd.  XIV.,  p.  89  ;  Gardiner,  Quart.  Joum.  Micr.  Science, 
1683,  p.  301;  md  Proceed.  lioyal  Soe.,  18B3,  p.  1G3;  Schmttz,  Suber,  d.  kgl. 
Aka±  d.  Ifin.  in  Berlin,  1883,  p.  219;  Bubsow,  SUber.d,  Dorpat.natarf.  Oeitll., 
Sept..  1883  ;  OordiDcr,  Pbil.  Tramaelioiu  of  tlie  Soyal  Soe.,  Part  III.,  1883, 
p.  817  ;  Hick,  Journal  of  Botany,  1661,  pp.  S3,  65. 

»  This  object  was  recom mended  by  Bobbow  ;  the  method  of  research  is  (rom 
Gardiner,  Phil.  Tram.,  p.  621  et  teq. 

><■  Compare  Sttasbniger,  Eau   u.  d,  ir'adiiift.,  p.  248;  and  BoBBon,  as  cited 
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APPENDIX  T. 

ENOLISH    AND   UETEIC   WBIOHTS   AND    HEAStTRES 

Tbb  follawing  may  be  useful  as  an  approxiinate  transfer  table. 

LENGTH. 

Frenek.  Englith, 

1  millimefre  (mm.) — ^  inch. 

1  centimetre  (cm.)  V     10  mm.  .        .  —J  mch. 

1  decimetre  (dm.)  —  100  mm.  .        .  ~4  inchee. 

.  I  metre  =lC0Omm.  .        .  -SSJ  inchea. 

EitglUh.  Frem:h. 

1  inoh ~25  mm. 

1  foot -305  mm.  or  30}  cm. 

1  yard — O'Sl  metre. 

WEIGHT. 

French,  EngVih, 

1  gnuutne —16}  graiDs. 

Ikilogcam.'^lOOOgrani.  .         .        .  -32  oz.  Troy. 

„  r>  ....  —  3S J  oz.  Avoirdapois 

Eiigliih.  French. 

loz.  Troy -31  gram. 

1  oz.  AToirdopoia -28  gram. 

lib.  „  =450  gram. 

CAPACITY  AND   WEIGHT. 
Frtnch.  Engliih. 

1  gram.  —  l  odMo  centimetre  (oo.) .         .     —16)  graiuB. 
1  litie-1000  gram,  or  1000  oo.  or  1  kilog.  =35^  oz.  Avoird.  or 
82  01.  Troy. 
EnpUih.  French. 

Ipiut-SOoz.  AToirdupois       .        .        .     -oGTjec.  or  GCTJeram. 

CAPACITY    (VOLUME). 
Frtnch.  Engliih, 

1  litre  — 1000  co.  —1  onbic  decimetre         .     — 1|  pint. 

Engtith.^  French, 

1  pint  —S3  cabio  inobes .        .        .     -667}  co. 

IgalloD         -  8  pints     ....     —4}  litres. 

1  cabio  foot  -  6  gallon -2Bj  litres. 

1  cnbie  inch — 16}  oc. 

UicroBCopia  measaremeDts  are  nBnally  reckoned  in  mici  a-m{Uiiiietrr$  (fi\ 
I  itia  it^g  of  a  miUimetce,  and  therefore  ii  approximately  tthm  °^  b°  iaeb. 
m 
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APPENDIX  II. 

LIST  OF    PLANTS    U8EP    FOR    BTUDY. 

Trb  part  of  tbo  plaot  required  is  carefully  indicated  in  this  list ;  likewiso  tbe 
state  in  nhich  it  should  be  taken,  and  the  period  at  which  it  csd  be  obloined. 
To  these  a  fe<v  cattural  notes  are  somelimeB  added. 

Where  the  material  is  to  be  placed  io  alcohol,  unless  the  word  "  absolute  "  is 
used,  strong  methjlaled  spirit  will  serve,  aod  is  much  oh»aper. 

For  fixing  ceU-conteotB,  the  quantity  of  alcohol,  etc.  vsed  should  be  at  least 
100  times  the  balk  of  the  object. 

Stems,  etc,  nhich  are  much  hardened  in  alcohol,  can  be  rendered  easy  to  cut 
by  being  placed  for  at  least  tweuty-lonr  Lours  in  a  mixture  ot  halt-and-half 
alcohol  and  glycerine. 

Host  of  the  living  algie  here  mentioned  can  be  obtained  from  T.  Bolton, 
Newhall  Street,  Birmingham. 


Acaeia.     Componnd  poUen-grains,  S20.    Flowers.  Presh,  or  in  alcohol.    Green- 
house shrubs. 
AcfT  (Maple).    Autumnal  coloration  of  leaves,  4S.    Leaves  in  autumn.     Fresh. 
Aeoaitum  Sapdlii$  (Monkshood).   Structnre  of  ovule,  827.  Foll-bbwn,  or  faded, 
floners.     Fresh,  in  summer.    Hardy  perennial. 
(Other  species  of  Aconilum  will  serve  equally  well.) 
..Icaru)  Calamut  (Sweet  Flag).  Structure  ol  root,  138.  Boots.  Fresh,  or  in  alcohol. 

Hardy  semi-aqnatic. 
Aiionii  Jlammitu,     Colour-bodies  of  flowers,  42.    Flowers.     Freeh. 
jEcidiwn  Berberidit  (Cluster- cap),  2C2.     Infected  leaves  of  Barberry,  in  May  or 

July.     Fresh,  dry,  or  in  alcohol. 
jEiCUiai  Hippociutaraim  (Horse-chestnut).     Fall  of  leaves,  157.     Base  of  leaf- 
stalk vvith  piece  ot  twig  attached.    Autumn.     Fresh,  or  in  alcohoL 
„   Glandular  hairs,  81.    Winter  buds.    Preferably  fresh,  or  in  alcohol. 
Agapanlhut  wnbrUaba.     Development  of  anther  and  pollen,  316.    Snbstitata 

for  Htmerocallii,  q.v. 
Agatie\iB  campeairii  mvab-ioara).    Stmctare,  200.    Any  time  in  the  year.  Fresh, 
or  preferably  in  alcohol, 
„   Fructification,  268.     Any  time  in  the  year.    Fresh. 
Agave.    Epidermis  and  slomata.  67.    Leaves.    Fresh.    Any  time.    Gieenhonse 

perennial.     (Substitute  for  Aloi.) 
Aitanthtu  glaTtd«Io$a.    Leaf-fall,  169.    Leaf-bearing  twigs.     Fresh. 
Alder,  $tt  Alnui  glutinoaa. 

are 
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AlUma  Flantago  (Water  Flaiitain).    Stmctare  of  frait,  seed,  and  embijo,  843. 

Ripe  and  unripe  fruits.     Fresb.    Jul?  and  August.     NatiTe  aquatic. 
Aniam  Cepa  (Onion).     Structura  of  root,  136.     Boots.    Freeh,  or  in  olcobol. 

Obtainable  at  anj  time  by  grotring  an  onion  in  water  in  a  hyacinth 

Alniis  (Aliler).     Tannin  reaction,  53.     Twige.    Fresh.     Any  time. 
AloS  nigricaTti.    Epidermis  and   Btomata,  67.     Leaves.     Fresh.     An;  time. 
Qteenhouse  perennial. 
(Other  species,  or  Agave,  serve  equally  well.) 
AUtrOmeria.     Celt  and  nuclear  division,  360.     Flowpr-bnds  oE  various  ogea. 
Fresh;   also  in  absolute   alcoliol.     {A.    aiirantiaea,  the   commonest 
speoiea,  is  a  bardy  perennial,  flowering  July  to  September.) 
Althaa  Tosta  (Hollyhock).    Pollen-grains,  319.    Flowers.    Fresh.    July  to  Sep. 

tember.     Hardy  perennial. 
AmpelopsU  hedtraeea  (Virginian  Creeper).    Autnmn  tints,  43.     Leaves.     Freab. 

Autnmn.     Hardy  climber. 
Anabtena  Aiullce.     Structure,  216.    Exists  in  the  leaves  ot  Aiolla  carolineana. 

Fresh.     Any  time.    Aioiia  is  a  perennial  greenhouse  aquatic. 
AiiagalUi  (Pimpernel).    Structure  of  ovary,  326.    FlowerB,    Fresh,  or  in  alco- 
hol.   Summer.    Anagallit  airenta  is  a  cornfield  annual,  with  scarlet 
flowers  ;  AnagalUs  tenella  is  a  very  pretty  creeping  native  bog.plant. 
Avapiychia  ciliarii.     Structure,  202.    1|''«llus.    Fresli ;   or  dried,  but  soaked 
in  water  before  use. 
„   Fructifi cation,  270.     Fruiting  tbaltu^      Fresh;    or  dried,  but  soaked  in 
water  before  use. 
Aiuimia  fraxiiti/olia.      Epidermis  and   stomala,   G9.     Leaves.     Fresh.    Any 

time.     Various  species  of  Anrimia  are  found  in  most  fern-houses. 
Antiirhinum  miy'us   (Snapdragon),     Coloured  cell-sap,  41.     Flowers.    Freab. 

May  to  September.    Hardy  perennials. 
Arittolochia  Sipho.    Structure  of  stem,  104.     Young  sterns,  }  to  J  and  f  mch 
thick.    Iq  alcohol ;  material  to  be  put  up  in  June.    Harily  deciduous 
or  half-evergreen,  climber. 
Arrowroot,  East  Indian  and  West  Indian,  for  starch,  11.     Shops. 
Ash,  me  Fraxinut  exeelaior. 

Afpidium  Filix-mat{tSnXeFato.),  Fructification,  239.    Fertile  frond.    Preferably 
fresh,  but  may  be  in  alcohol.    Late  summer  or  autumn.     Native  fein. 
Auricula,  tee  Primula. 

Ai!enasativa{0&t).     Starch  grains,  12.    Grain.    Fresh. 
„   Structure  of  vasuular  buudle,  93.     Stems.    In  alcohol.     Spiiug  or  early 

summer.    Can  be  grown  in  laboratory  for  the  purpose. 
„   Puccinia  on,  264.    Leaves  or  haulm.     Fresh,  dry,  or  alcohol.    Summer. 
dialta.     Compound  pollen- grains,  320.     Flowers.    Fresh,     (Foi  substitutes 
tee  Cuilnna,  Erica,  Bliododendron.) 


BaeiUu$  lubtitii,  236.     From  infusion  of  hay.     For  method,  »ee  text. 
Dacillvi  ttiberculotii,  234.     In  the  sputum  (expectorations)  of  consumptives. 
Bacteria,  221.     To  obtain  materials,  see  text. 
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Barben7i  *tt  BtrbtHt  vulgarii. 

Barle;,  lee  Eordetm  vulgare. 

Beui,  lit  Phattolia  vuigarU. 

Be«gh,  tit  Fagiu  lylvatica. 

Beet-loot,  ite  Seta  vulgarit. 

Btggiatoa  alba,  233.    Id  water  containing;  deeajing  fresh-water  a1g»,  oi  eon- 

taining  (ragments  of  india-rabber  tubing. 
Berberii  tnUgarit,  tee  .lEcidtum  BerberidU. 
BeithoUetia  exeelta  (Brazil-Dat),    Albumen  orystolB,  or  cry Btalloids,  36.     Nats. 

Freeb. 
Beta  wtgarU  (Beet-root).     Stmctnre  of  root,  iS.    Boot    Freab. 
„   Sugar  in  root,  49.    Boot.     Fresb. 
Braoken-feiD,  lee  PterU  aguilina. 
Brazil-nut,  lee  BertliolUtia  exeiUa. 
Buckthorn,  tee  iJAamniu  Fraagvia. 

fiuiainiuunib«2lalui  (Flowering  BQBh).    Slructare  of  ovary,  821.    Fall;  developed 
Bowera.     Fresb,  or  in  alcohol.     Summer.    A  native  perennial  aquatio. 
C. 
Callima  vuJgant  (Ling).    Componnd  pollen-graina,  320,    Flowers.    Fresh,  or  in 

alcohol.    Jalj  to  September.     A  native  sab-sbrab. 
Capiella  Btata-pattorii  (9hepberd'E  Parse).      Stmcturs  and   development  ot 
elnbr70  and  seed,  338.    Young  to  ripe  fmits.     Fresh.     All  summer 
Common  weed  of  cultivated  ground. 
Carrot,  see  Daucut  Carota. 
Celandine,  tee  Chelidonitaa  majva. 
Cerafapttrti  thalictroidii.    Coltivstion  of  Bpores  and  development  of  prothallus, 

290  and  297a.     Spores.    Fieah,  or  preserved  dry. 
Cheiranthm  Cheiri  (Wallflower).    Uairs,  72.     Toung  leaves  and  buds.     Fresh. 
Chelidnnium  majui  (Celandine).    Structure  ot  vascular  bundles.  101-    Stems, 

In  alcohol.     Spring  and  snmmer.    Hardy  herbaceous  perennial. 
Cherry.     Substitute  for  Flum  (Pninui  domettiea,  q.v.). 
Citrut  vulgarii  (Orange).    Structure  and  development  ot  fruit  and  polyembryouj, 

3S0.     Ovaries  and  young  fruits.    Fresh.    All  the  year  round. 
Cladopliora  gtomerata.     Strncture,  203,    Fresh  material.    Spring  and  aummer, 
„   Swannapores,  218.    For  method  of  Beoaring,  tee  Text. 
„   Cell-division,  368. 
Ciottridium  ImtyricuM,  223. 
Club-moss,  lee  Lycopodium. 
Cluster- cup,  tee  ^eidiiua. 
Cowslip,  lee  Prmuta. 

CtKurbita  Pepo  (Cucumber,  Melon,  etc.).   Movement  of  protoplasm  in  hairB,  35. 
Tery  young  ghoota.    Fresh. 
„   Pollen-giains,  320.    Flowers.     Fresh. 

„   Structure  of  vascular  bundles,  130.     Stems  ahont }  inch  thick,  cat  about 
i  yard  from  apex.    Fresh  and  in  alcohol. 
Curcuma  leucorrhixa  (East  Indian  Arrowroot).    Set  Arrowroot. 
Cytiiut  Laburnum  (Laburnum).     Structure  of  cork,  1S3.    Fragments  ot  baA 
from  pretty  old  branches. 
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Dahlia  variaiilii  (Dahlia).    Strnctare  of  tuber,  50.    Taber.    Fresh.    Any  time. 

„  Innline,  60.    Pieces  of  taber  placed  io  alcobol  io  or  about  October. 
Date,  tee  Fkaittx  daclyli/era. 

Daueta  Carota  (Carrot).     Colour-bodies  in  root,  43.    Boot.    Fresh. 
DelpHnium  AJacit   (Larltflpur).      Structure  of  ovary,  322.      Fading  flowers. 

Fresh,     Summer.    A  hardy  annual.     (As  aubatitutes,  lee  Helltborut 

tiiger  and  H,  fatidui.) 
Delphiniuiii  comolida  (Lartspur).     Coloured  cell-sap  and  colour- crystals,  43, 

14.    Flowers.    Fresh.    Summer.    Hardy  annual. 
Diclamnui  Franinella  pittany).    Development  of  oil-glands,  163.     Leaf-buds 

and  leaves.    Fresh,  or  in  alcohol.    A  baidy  perennial.  (A  Eubstitute  for 

Rata  graventene,  q.v.) 
Dittany,  tee  Dielanatut  Fraxinelta. 
Draetena  rubra  {Cordyline  rubra).     Structure  of  stent,  96.     Stems.   Fresh,  or  in 

alcohol. 
DroieTarotundi/olia{S\iniew).  Digestive  glands,  79.    Leaves.   Fresh.  Summer. 

A  native  herbaceous  perennial  bog-plant.     Can  be  grown  in  a  green- 

house,  in  bog-mOBa.  the  pot  standing  in  water. 


Eckeiieria.    Wai-lajer,  61.    Leaves.     Fre-h.    All  the  year  ronnd.    Almost  any 

species  wilt  do.    All  hall-hardy  evergreen  perennials,  largely  used  for 

borders  in  "  bedding-out." 
BI«a3nmo"fliuti/o[(a(01easter,orWQd Olive).  Hair-scales, 76.   Leaves.  Fresh. 

(Substitute  for  Sheplierdia  caaadeaiia,  q.e.) 
Elder,  lee  Saiabncw  nigra. 
Epilobium  (Willow-herb).     Follen-grains,  319.     Flonei.     Fresh.     (Substitute 

tor  (Enolliera  Menna,  q.ti.) 
Epipactii  patnetris.    Structure  of  ovary,  S26.    Faded  flowers.     Fresh.    (Any 

orchid  will  serve  about  equally  well.) 
Equitetunt  arvtme  (Field  horse-tall)-    Apical  cell,  176.    Tonng  growing  shoots. 

Freah,  or  in  alcohol     Spring. 
„   Structure  of  stem,  160-     Stems.    Fresh,  or  alcohol  material. 
Erica  (Heath).     Compound  pollen-grains,  320.    Flowers,    Fresh,    An;  species 

will  do,  and  hence  obtainable  nearly  all  the  year  round,  either  from 

open   ground  or  greenhouse.     (For  substitutes,  tee   Callutia,  AiaUa, 

Jilvidodendron. 
Eucalyptus  globulia  (Australian  Blue-gum)-    Wax-layer,  81.    Leacea.     Fresh. 

Half-hardy  perennial  eveiereen  tree. 
Evonymm  japanicia    (Spindle-tree)-      Growing   apei,   174.      Terminal  bnds. 

Fresh,   or    in  alcohol.     All  the  year  round.      Ornamental  evergreen 

shrub  ;  half-hardy  in  the  northern  counties, 
Et^horbia  )ulioicopia  (Sun-spurge).     Starch- grains,  13.     Stems.    Fresh,  or  in 

alcohol.    A  native  annual  weed  of  cultivated  ground. 
Euphorbia  tplendent.    Starch-grains  and  latex  cells,  13.    Stems.     Fresh,  or  in 

alcoliol.     A  hothouse  erergreeD  shrub. 
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Fagm  $ylvaliea  (Beeoh).  DiSeriag  strnclnre  at  leaves  vhen  shaded  kod  ex 
posed,  lU.    Leaves  from  centre  and  ontaide  of  tree.    Freeh. 

Ferns.    Prothallia  and  aeiual  organs,  trt  Ciratapttrii  and  Polypodiam. 
„    Sporangia,  »ee  Scalopendriiim,  Aiptdiuin. 
„   Strncture  of  growing  apei  of  root,  lee  Pltrii  eretica. 
„   Structure  of  rnsoular  bundles,  lee  Pttrit  o^uilina. 

Fir,  Scotch,  tee  Pima  lyheitrit. 

Flag,  Sveel,  $et  Aconu  Calamm. 

Fraxltutt  exceUiar  (Ash).  Iieaf-fall,  169.  Leafy  Twigs.  Fresb.  Can  be  used 
fts  mbstitute  for  JJ^icviiu. 

Fritffterfn  tmpmafu  (Crown  Imperial).  Stmotura,  Pollen,  318.  Tonng  flowers. 
Aloohol-material. 

Fritillaria  ptnica.  Cell  and  nuclear  dlrision,  SSO.  Flower-buds  of  different 
ages.  Fresb,  and  in  alcohol.  (As  substitute,  almost  any  species  of 
FritillaTia,  Liliitm,  Alatramtria,  or  other  Liliaceffi  or  Amaryllidea.) 

Frog.bit,  ate  Hydrocharii, 

Fucliiia.    Pollen- grains,  319.    Flowers.   Fresh.    (Suliatitute  for  (Emtlma,  q.v.) 

Faaaria   hygToiaetrica.      Chlorophyll -bodies,   38.     Leaf?  stems.    Fresh.     All 
the  year  round. 
„   Seinal  organs,  279.      Male  and  tetoale  plants.      Fresh,  or  in  alcohol. 
Plants  with  the  eeinal  organs  and  the  aporogonia  in  all  stages  ol 
development  can  be  found  nearly  all  the  jear  round. 
„   Structure  of  spore-capsule,  285.     Fresh,  or  in  alcohol. 

Fimkia  ovala.  Development  of  poUen,  316.  Flower-bods  of  different  ages. 
May.     Fresh,  or  in  alcohol.     (Substitnle  for  HtmeroeaHia,  q.v.) 

a. 

Gall,  Oak.    Structate  and  tannin  reaction,  61,    Fresli,  or  dried. 

Ginkgo  biiaba,  tee  Salitburia  adianiifolia. 

GUocapia  caldariorum,  218.  Fresh.  On  walls,  flower-pots,  glass,  Ac,  in  green- 
houses and  fern-houses.    All  the  year. 

GUocapta  polj/dermatiea,  218.    As  substitute,  tee  G.  caldaHoram. 

Gloxinia  hybrida.     Embryo-sac,  334.     Flowers.    Freah. 

Ggianoeladu!  canadensis.  Leaf-fall,  ISO.  Leafy  twigs.  A  very  ornamental 
hardy  deciduous  tree.  Prefers  shaded  position.  (Can  be  need  as  sub- 
Btitute  for  ^iculua,  q.v.) 


Hatt's-tongue  fern,  lee  Seolependri'um. 

Hedera  Belix  (Ivy).    Kesin  canals,  123.    Tonng  twigs.     Fresh,  or  in  alcohol. 
Hellebore,  tee  Helleborui. 

IJelUbonu  fatidm  (Stinking  Hellebore).    Cell  and  nadear  division  and  pollen- 
formation,  367.    Flower-buds  of  various  ages.    Fresh,  or  in  olcoboL 
„   Structure  of  ovary.    Flowers.    February  and  March. 
Helliborut  m'jjer  (Christmas  Hoae).     Structure  of  ovary.    Flowers,    January, 
(These  two  substitutes  for  ovary  of  Delphinium,  q.v.) 
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Bemeroeallit  fidva.     Development  of  anther  and  polleo,  311.     Flower-buda  of 

differeDt  ages.    Freah,  and  in  alcohol.    Snnunei.    A  hard?  herbaceona 

perennial.     (Aj   aubatitatea,  tAliam,  Funkia,  Agapanlhiu  umbellat'oi, 

Tulipa,  Hyacinlhut.) 
Hippurit  vtiXgarit  (Uare'a-tiul).   Straatnre  of  growing  apex,  170.   Qrowing  bnda. 

Freah,    or   in  alcohol.      Late   apring  or  early  snmmeT.     A  native 

perennial  herbaceoos  murah  oi  aqnatio  plant. 
Holljhook,  tte  Althaa  rosea. 
Hordeum  vulgare  (Barlej).     Structure  of  growing  apei  of  rool^  183.    Boots  of 

plantB  growQ  in  floner-pott. 
BjBcinth,  tee  Hyaeinthui. 
ByaeintJmt.    Structure  of  ovary,  5M.     Full-open  flowera.    Fresh.    (As  anb- 

Btitntea,  ue  Ttdipa,  LiUum,  or  other  Liliaoen.) 
„  Development  of  pollen,  316.    (Substitute  for  HemeroeallU,  q.v.) 
IlydToeharU  Mamti-Tanit  (Frog-bit).   Movement  of  protoplaam  in  root-haira,  35. 

Young  roota.    Quite  fresh.    A  native  aquatic,  with  floating  rosottea  ol 

leaves ;  easily  grown  in  still  water. 


Indian  com,  tie  Zta  itaU, 

Irii  Jtarentina.     Stracture  of  leaf,  61.    Leavea.    Fresh  and  in  aleoliol. 

„   Wax,  81.    Leaves.    Fresh. 

„   Endadermis  ol  root,  139.    Boots.    In  alcohol. 

„   Tascular  bundle,  93.    Leaves.    In  alcohol. 
Irii  germamca.     Starch-boildeis  (leuooplasts)  and  starch.     Surface  rhizomes. 

Fresh.    Botl)  apeciea  are  hard;,  herbaceoua,  mote  or  less  evergreen. 
Ivy.    Set  Hedera  Htiix, 


JugUau  Ttgia  (Walnut).    Leaf-fall,  159.    Leafy  tniga.    Freah.     Sec  alto  as  ir 


Laburnum,  tee  Cytitut  Laburnum. 

Larkspur,  tee  Delphinium, 

Lathynu    (Sveet   Fea,  Everlasting  Pea).      Formttion    of    pollen  tube,    321. 

Freshly  opened  flowers. 
Leptothrix  bueealii,  23'J.    In  tlie  "  fur  "  on  teeth. 
Leueojum  (Snowflake).    Development  of  pollen-grains  of,  318.     Flower-buds  of 

different  ages.    Freah,  and  in  alcohoL    (As  substitute  for  Tradeicantia, 
Lilium  candidvm  (White  Lily).     Stomata,  71.    FreEh,  or  in  alcohol.  [f  .o.) 

Lilium   (Lily).      Development   of   anther   and   pollen,   SIS.     Flowar.buda  of 

different  Bgea.     Fresh,  and  in  absolute  aloohol. 
„  Strnctnre  of  ovary,  321.    Fully  developed  flowers.    Fresh. 
„  Cell  and  nuclear  division,  360.      Flower-buds  of  different  agea.     Freah, 

and  in  absolate  aloohol.     (As  subatitntes,  Fritiltaria,  Abtramena.) 
Liverworts,  let  Marehaatia. 
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Lupimu  albui  (Lnpine).    AlearoDe-graiiia,  34.     Beede.    Dry. 

Lycopodiwn  caiaplanatwn  (Clab-moM).    Stractare  of  stem,  149.    Stems.    Vteah, 

ftnd  in  alcohol. 
liyeopoHum  Stlago  (Gliib-nio«a).     Stmeture  at  »(«m,  150.     Stemi.    Fr«ah,  and 

in  alcohoL 
I/gliauiehia  (Looaestrifa).     Structare  of  ovary,  826.    Fully  developed  floven 

Fresh.    (Sabstitate  tor  Priaaila.) 


Haize,  $tt  Zta  UaU. 

l^alva  critpa.    PoUen.graiDa,  319.    Flowers.    Fresh.     (Substitate  lor  Althaa 

rotta.  Hollyhock,  j.v. 
Uaple  (Aeir).    Autumn  coloration,  43.    LeaTes.    Freeh. 
MaTonla  arundinocfa  (West  Indiaa  Airovrootj.     Set  Arrowroot. 
ISarchantia  polymorpha.    Vegetative  structure,  194.    Thallus.    Preferably  fresh, 

or  in  alcohol. 
„  Bepioductive  organs  and  aporogones,  272.     Beceptaclea.     Freeh,  and  in 

alcohol.  June  to  Augast. 
Hare's-tail,  see  Hipparii  vulgarii. 
Xatthiola  annua  (Ten-weak  Stooh).    Hairs,  73,    Leaves.    Fresh,  and  in  alcohoL 

Late  spring  and  summer. 
Metigma  fuTcata.     Structure  oE  thallus,  197. 
MicrooKCiu  Vaccina,  231.     Found  in  vaccine  lymph. 
Mmum  boraum.     Baprodoctive  organs  and  sporogonia,  277.    May  and  Jane. 

Fresh,  or  in  alcohol. 
Ifntum  undulaium.    Vegetative  structure,  190.    Fresh.    (As  substitutes,  ilnium 

hornum,  or  Potytricham). 
Monkshood,  let  Aeonitum  NapeiUif. 
Monotropa  Hypopity   (Bird  RapeJ.     Strnctnra  of  embrjo-sac,  330.    Flowers. 

Fresh.     Found  occasionaUy  in  woods,  etc.,  especially  under   beech 

trees ;  flowers  in  July  and  August.    It  should  be  examined  fresh,  as  it 

becomes  brown  and  opaque  in  alcohol.     It  bears  transport  very  well, 

and  oan  be  preserved  fresh  for  soma  time  in  a  glass  of  water. 
Morchella    eiculentn    (Morell).     Vegetative   stractnie  and   eell-conteitts,   269. 

Fresh  or  dry. 
Morell,  tee  Morehella  eicvlenta. 
Mosses,  ite  Mniuin,  Fulyirichum,  Futiaria. 
Mucor  Macedo  (Pin-moald).    Structure  and  reproduction,  256.    Found  in  a  tew 

days  on  a  piece  of  damp  bread  placed  under  a  bell-glase,  or  on  Iresh 

hoise-daug  similarly  placed.    For  zygote  production,  see  p.  266e. 
Mullein,  tee  VeTbateum. 
Mushroom,  tee  AgarUui  cawpMrii. 


Kavieula,  tee  Pinnidaria, 

Serium  Oleander  (Oleander).     Structure  of  epidermis,  69.     Leaves.     Freeh, 
A  greenhoose  evergreen.     Leaves  and  flowars  mote  or  less  poisonous. 
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Nittlla.  notation  of  protoplasm  in,  37.  Fresh  plants.  Nittlla  cao'  be  grawa 
in  glas?  vessels  of  vater.  especially  if  ted  with  the  cultuis-flaid  givsn 
on  page  208.    Strooture,  W2e.    Fresh. 

Noitoc  oiniflomim,  217.  Fteah.  Sometimes  found  ia  large  oliTe.greea  masses 
on  damp  paths.     In  same  parts  at  the  countr;  kaowD  aa  "  iiitchas' 


Oak-gall,  ue  Gall. 

Oat,  lee  Avena  lativa. 

(Baotliera  biennli  (Evening  PcimTose).     Pol  ten.  grains,  318.     Flovers.    Fresh. 

Smniner.     (As  aubititntes,  Eyilobiuiii,  Fuclitta,  q,v.)  Structure   of 

Onion.  ir«vfHium  Cepa.  [ovary,  337.    Fresh. 

Orange,  lei  Cilnu  wlgarit  (C.  A-arantiam).. 
Orcbides,  Ovarj,  32G,  see  BptyacHi, 

Embrjo.sao,    333.    Flowers    some  time-  faded.     Fresh.     (Substitute    for 

MonotTopa,  q.v.) 
Oraithogaluin  unbdialtim  (Star  of  Bethlehem).     Strudtnre  of  oeU-valls  of  seed, 

63.    Seeds,    Dry. 
Oscillaria,  217.     Stagnant  water,  muddy  ground,  eto. 


Pieonia  (Pieon;).  Formation  of  pollen -tubes,  321.  Flowers.  Fresh.  PalloD- 
grains  grown  in  5  p.o.  aol.  of  sugar,  and  1-5  p.o.  gelatine. 

Palmellacete,  219. 

Pansy,  lee  Viola  tricolor. 

Papaver  Rhaat  (Field  Poppy).  Strueture  oE  petals,  169.  Petals.  Fresh,  or  in 
alcohol. 

PaTmclia  ciliarit,  tcr.  AnaplychUl. 

Pea,  $ee  Piium  lativvm. 

Pear,  ret  Fyrut  communit. 

Pemciilium  criulastitm  (Blue  Uould),  259.  Obtained  on  a  piece  of  moist  bread 
under  a  bell-jar. 

PeronosporeB,  see  Phijtophthora. 

Phateohit  vi^garii  (Bean).     Starch,  10.    Bean  flour. 

Phaaix  dactyli/era  (Dal«).     Structnre  of  endoapetm,  54.    Date-stones. 

Phycomjcetes,  see  Mucor  V.jKtdo. 

Phytophthora  infeitani  (Potato  disease),  267.    Diseased  leaves  ol  potato.    Preah. 

Picea  viilgarii.  Female  cones  and  fertilization,  307.  Cones.  Alcohol.  Mid- 
June.  Fertilization  is  completed  in  June ;  the  exact  dale  for  the 
lo<!ality  varies  from  year  to  year.  Hence  cones  shonld  be  gathered 
daily  from  June  1,  ant  the  scales,  separated  from  one  another,  placed 
in  absolute  alcr  hoL  Before  investigation  the  scales  must  be  laid  for  at 
least  24  hours  in  a  mixture  of  equal  parts  of  glycerine  and  water. 

Pfnnularta  virtdia,   210.     Fresh.     Not   infrequeut  in   standing  and  rnnning 
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rinni  lylvatrU.    Soldered  piti,  65.    Pieoes  of  old  Btom  in  nlcohoU 

„  StTuctate  ot  stem  and  development  of  bordered  pita,  Hi.  Yoaug  stsms, 
and  pieces  ot  outer  pait  of  old  sterna,  cut  in  June  or  July,  and  laid  in 
alcohol.     To  be  plawd  in  glycerine  and  aloohol  before  using. 

„  Male  flowers,  298.  Mateconeg.  Alcohol.  Ua; or  June.  Laid  iugljoerine 
and  alcohol  before  uaing. 

„  Female  flower,  oTole,  304.  Tonng  oonea.  Alcohol.  Ma;  or  June.  Gly- 
cerine and  aloobol  before  using. 

„   Pollination.  306.    Toang  cones  as  above,  but  fresh. 
Puum  tallviim  (Pea).     Strncture  ol  seed,  and  aleurone-gniins,  16.    lUpe  peas. 
Dry. 

PlfUTOiigma  angulatuiB,  314. 

Flnm,  >te  Frunui  domeitiea. 

Polypodiam  vulgare  (Polypody  fern).    Strncture  of  petiole,  148.    Iieaves.     Fresli. 
„   Prothallus  and  sexual  organs,  291.     See  teiL 
„   Sporangia,  290.     Fertile  leaves.    Freah. 

Polytriekum  juniperinunt.      Structure  ot  alem,   193.      Stems.     Fresh,  or  in 
alcoboL 
„   Antheridia,  379.    Plants  in  "flower."    May.    Freih,  or  in  alcohol. 

Primrose,  ire  Primula. 

Primula,    Ovary,  325.    Flowers  ot  any  species. 

Primula  lintnaii.    Glandular  hairs,  78.     Leaf-stalks.    Fresh. 

Prolocaccut  vtridii,  211.     Un  damp  bark  or  walls.    Fresh. 

Pniniia  domesliea  (Plnm).     Structore  ot  trait,  347.    Frnit.    Fresh. 

Pttrit  aquitina  (Brackeu-tem).  Structure  ot  vaBsolar  baudle,  145.  Toang 
leafstalks.    Fresh,  or  in  alcohol. 

Pterii  cretica.  Structure  of  toot-apei,  1B8.  Boots.  Fresh,  or  in  alcohol. 
Very  commonly  cultivated  in  pots ;  and  roots  oon  be  beat  obtained  un- 
broken by  turning  the  plant  out  of  the  pot  containing  it. 

Paccinia  graminU  (Bust  fungus),  262.  Dry,  or  in  aloobol.  Found  in  summer 
on  different  kinds  ot  cereals,  and  on  Triticum  repfru  (couch-grass). 

Pyrola  (Wiutet-green).  Embryo-aac,  330,  Flowirj.  Fresh.  Herbaceous 
perennials,  various  species  ot  which  can  be  easily  enltivated  on  a 
gliady  border,  in  aandy  peat. 

P^ruf  eomvtimii.     Stone-cells  in  fruit,  47.     Fie3\  ftnit. 

Pj/tus  ilatu*  (Apple).     Structure  of  Iruit,  318.     Fresh  Iniit, 


Qaeraa  pedujiculata  (Oak),  >re  (all. 

Queraa  luter  (Cork  Oak).    Structure  of  cork,  156.     Bottle  cork. 


RanunculM  Ficaria  (Pile  wort).     Structure  of  seed,  846- 

Banwicnlta  repens  (Creeping  Buttercup).    Structure  ot  roots,  140.     Boots.     In 

alcohol. 
„   Structure  ot  vascular  bundle,  100.    Buuuera.    In  alcohol. 
Rhamnu$  Frangula  (Buckthorn).    Inter-protoplasmic  union,   370.    Seoondarj 

cortei.    Preeh. 


loy  Google 


LIST  OF   PLANTS   USED   FOB  STODY.  385 

RbododtBdeon.    Pollen,  820.     Flowers.    Freeh.    (For  BabsLitiltea,  >M  Azaba, 

KrUa,  CalhiTia.) 
Hibei  ratrum  (Bed  Cnnant).     Stnictare  and  devetopment  of  oork,  156.    Tonng 

and  older  stems.    Fresh,  or  in  alcohol.    Best  gathered  in  July. 
Ricimii  eommunii  (Castor  Oil),  Alenrone  grains,  25.     Seeds.    Dr;. 
llobinia  Pseiid-acaeia.    Leaf-fall,  160.    Treat  as  In  ^icujiit. 
Itoia  ttmptTfiortnt,    Structure  of  privhlea,  76,  77.    Young  stems.    FrcRh.    Also 

leaves.    Freab. 
Bose.     Coloured  cell-sap,  42.    Petals.     Fresb. 
Rue,  lee  Rula  graveoltm. 
Rumex  patitntia  (a  Dock).      Glandulnr  bairs,  70.      St^ns   witb   sheathing 

Bush,  Flowering,  tee  Butomui  timbfllalui. 

RutiUa   rubra,    2GC.    Fresb,  or    in    alcohol.     (As    substitute,   tee    Jgurleiii 

campestris.) 
Bust- fungus,  eee  Puccinia  graminii. 
Rvla  graveoletu  (Common  Bue).     Structure  of  leaf,  160  tt  leq.  Leave; .   Freeh. 

Obtainable  all  tUe  year  round.    A  hardy  aub-evorgreeu 


StKCharomyeet  Cereviaia  (Yeast),  216.     Can  be  grown  in  Pftstear's  fluid. 
SacchaTiita  ogtcinarani  (Sagar-Cane).     Stem.    Frequently  grown  in  hot  houses. 
Salitburia   adianti folia.     Autumn    tints,    iS.      Leaver      Fresh,      A    liardy 

deciduous  tree, 
Salix  Caprea  (Goat  Willow).     Tanain,  52.     Twigs.    Fr.  sh.    Any  time  in  the 

year.    Twigs  of  other  willows  will  do. 
Sambuciii  nigra  (Elder).    Cork,   162.    Twigs  of  various  ages,     Frcsb,  and  in 

alcohol. 
Scolopendrium  vulgare  (Hart's-tongue  Fern).     Stmoture  of  leaf-stalk  and  mid- 
rib, 148.    Leaves.    Alcohol, 
„   Stiuctore  of  leaf,  and  sporangia,  287.     Fertile  leaves.    Alcohol. 
Scorzonera  hitpanica  (Salsify).    Latei  system,  103.     Boots.    Fresb,  and  in 

alcohol.    A  hardy  kitchen -garden  herbaceous  plant. 
Scotch  Fir,  ««  Pinut  sylvtstrii. 
Selagiiitlla  MerlcTuii.    Structure  and  spore-production,  296.    Fertile  shoots. 

Dry,  or  in  alcohol.    This,  or  some  similar  species,   ia   universally 

cultivated  in  plant-bouses. 
Shephtrdia  eatutdensii.     Scale-Lairs,  75,    Leaves.    Fresh,  or  in  alcohol.    Hardy 

deciduous  shrub. 
Shepherd's  Purse,  ece  Capiella  Buria-paitvrh. 
Hiplinitea,  lee  Vatichtria. 
Solanum   tuberoiian  (Potato).     Starch,  4.    Tubers.    Fresh.    See  alto   Pliyto- 

phtho-a. 
Sphagmim  acuti/oliuta  (Bog-moss).     Structure,  193.     Plants.      Fresb.     Very 

commonly  used  in  plant-houses. 
Spindle-tree,  lee  Mvanymiit. 

fSpiTOcltiite  pUcatilii,  231.    Water  oonlaiuing  decajing  algse,  especially  Splro- 
gyra  and  yaueheTia, 
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Spliogyra.     Stractnre,  208.     Livirig  plante. 
„  Conjngfttion,  216.     Living  plants.      Summer.      PlanU  in  thU  state  ate 
leeogDiMble  hj  (be  criokleJ  yeUowigh  loot,  aod  clinging  togetlier  o[ 
the  masses  of  threads.    For  the  culture  of  SpiriigyTa,  s«  p.  207. 

SlaphyUa.    Formation  of  pollen-tube,  821.    Flowers.    Fresh.    Grown  in  5  pA. 
solution  of  sugar,  and  1~6  p.o.  gelatine. 

Btinging  Mettle,  ate  Urtica  dioica. 

8(o«k,  Ten-neek,  see  Matthtola  aowia. 

Sugar-Cane,  lee  SacchaTant  officinarunt. 

Sweet  Pea,  tte  Lathynu. 


Taxui  baccata  (Yew).     Straoture  of  root,  141.    Boote.    Fresli,  or  in  alcohol. 
„   Flowers  and  jonag  fruii,  301.    Flowers  in   March.    Fresh,  or  alcohol- 
material.    The  female  flowers  should  be  ooltected  towards  the  end  ol 
April,  kept  in  absolute  alcohol,  and  twent;-foiir  hours  before  required 
placed  in  halF-and-halt  alcohol  and  gl^^ceiine. 
Thuja  oceidenlalii.    Qrowlng  apei  of  root,  185.    Toung  roots.    Best  in  alcohol. 
Tilia  parvifolia  (Lime-tree).     Structure  of  stem,  125.    Branches  and  twigs. 

Fresh,  and  in  alcohol.    The  latter  test  gatbeied  in  Jul;. 
Toadstool,  lee  Amanim. 

Tormia  aiiatica.  Fertilization,  834.  Flowers.  To  study  fertilization,  tlie 
flowers  selected  should  be  poUiniied  by  hand  a  day  and  a  half,  or  two 
days,  before  Ibey  are  required.  Terenia  ie  a  hot-house  shrub,  flower- 
ing in  Jane  or  July. 
Tradaeantia  virffinica.  Mevements  of  protoplasm,  28,  34.  Flowers.  Fresh. 
T.  virginiea  is  a  hardy  herbaceous  perennial,  flowering  from  May  or 
Jane  to  September. 
„   Btomata,  65.    Leaves.     (T.  ztbrina,  a  oommon  plint  ia  plant-houaes,  oau 

replace  this.) 
„   Stnicture   of  Pollen -grains,  316.      Flower)  and    buds  of  different  a((eB. 

Fresh. 
„  Development  of  pollen-tube,  321.     Freshly  opened  flowers.    Grown  in  a 

solution  of  6  p-c.  sugar  and  1-5  p.c-  gelatine. 
„   Cell  and  nuclear  division,  366.    Fresh  flower-buds  between  }  and  ^  inch 

high.     Btamens  should  be  examined  in  3  p.c.  sugar  solution. 
„  Direct  nuclear  division,  369.     Old  stems.     Fresh. 
Tradeicantia  iebrina.    Stomata,  66.    Leaves.    Fresh. 
Trianea  bogoieruii.    Rotation  of  Protoplasm,  BTa.     Fresh. 
Tiitieuvt  durum  (Wheat).     Starch,  II.    Wheat  grains.    Dry. 
Tritieum  vulgare  (Wheat).     Structure  of  grain :  aleurone,  19.    Wheat  grains. 
„    Structure  of  grain  and  of  embryo,  846.    Fresh  grains. 
„    Germination,  346(1.    Fresh  grains. 
Tropaolam  majut  ["  Nasturtium,"  or  Indian  Cress).  Colour  bodies,  40.  Flowers- 
Fresh. 
„    Water-pores,  TO.  Fresh,  uid  in  alcohoL 

Tulip,  te»  Tulipa. 
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TuUpa.     Devslopment   of    pollen,   3)6.      (Snbatltute  tor   Hcmerocallu,   q.v.) 
Flowers.    April  aud  May.    Fiesh,  and  in  olcoliol. 
„     Structare  of  ovary,  321.    Old  Flowers.    Fresh,  or  in  alcobot. 


Valiimeria  ipiTali$,    Movements  of  protoplatim,  36.     Strong,  rather  oId,leaTes. 

Fresh.    Very  commonly  and  easily  grown  in  aquaria. 
Vaueheria  uiailU,     Structure   and   reproduction,  2S0.     Strong  plants  taken 
from  still  or  flowing  water,  and  placed  the  day  before  wanted  in  a 
ehallow  Teasel  with  fresh  water. 
Verhaicum  nigrum  (Mullein).    Coloured  cell  sap,  41,  74.    Flowers.    Freah. 
„    Hairs.    Flowera.     Fresh,  or  in  alcohol. 

„    Ends  of  'vasoular  bundles.     Flowers.     Freeh,  or  iu  alcohol.    A  native 
herbaceous  perennial,  flowering  in  Jnlj  and  August. 
Verbaicvm  thiipsiforme.    Hairs,  75.     Leaves.    Freeh,  or  in  alcohol. 
VtTiaa  major  or  V.  minor  (Periwinkle).    Coloured  cell-sap,  42.    Flowera.    Fresh. 
„     Solerenchyma  fibres,  63.    Stems.     Fresh,  or  in  alcohol.     Kative  or  intro- 
duced, perennial  evergreen  plants,  flowering  Jul;  to  September. 
Viola  tricolor  (Pansy).     Hairs,  71.    Flowers.    Fresh,  or  iu  alcohol.    Can  be 
had  from  May  to  September. 
„     Stipules  of.    Ghmdular  hairs,  S2a.     Perfectly  fresh. 
Virginia  Creeper,  ut  Ampeloptii  hederacea. 


OvarieB.    In  alcohol. 


Ghara,  e.g.  Gharit  fragilit.    Structure,  202/.    Fresh. 
„    Beproduction,  25ig.    Fresh. 

Faeiu  vetieaUaas  (Bladder  wrack).     Structure,  202a.     Fresh,  or  i 
„    Beproduction,  2S  j«.    Fresh,  and  in  alcohoL 
„     platycarpui.     Beproduction,  254.     Fresh,  and  in  alcohol. 

Hamatoeoeeut  (Frolococcui)  pluvialit.     Structure,  220.    Fresh. 

Pelargoniuimonah.     Leafstalka.     Fresh;  82  note  a. 
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BEiOESTS  TISED  IN  THIS  VTOBE,  AND  HOW  TO  PREPARE  AND  USE  TBEH. 

All  the  reagents  in  this  list  csn  be  obtained  readj  maile  of  Messra.  SoutbaIiI 
Bros.  &  Babclat,  Manufacturing  ChemiBta,  Binnmgham,  oi  of  Dr.  Geohoe 
GbCbleb,  Leipzig,  Dafour-StrssBe,  No.  IT.  Or  the  materials  can  be  obtained 
from  the  same  Boarce ;  and  the  stadent  will  And  in  tliiB  Appendix  instmotions 
how  to  prepare  them  for  nse.  It  is  hoped  that  the  inatruotioos  are  Buffioientlj 
explicit ;  bnt  the  Editor  will  be  glad  to  hare  errors  or  inefficient  descriptiona 
pointed  ont  to  bim. 

Percentage  solntions  are  made  either  b;  weight  or  volume  ;  or,  if  the  metric 
iijitem  (gee  Appendix  I.)  is  naed,  by  either  indiacriminately.  Thus,  1  per  cent, 
acetic  acid  in  water  is  made  b;  taking  1  volume  acetic  acid  and  adding  to  M 
volumes  distilled  water  ;  5  per  cent,  potash  solution,  b;  taking  6  gram,  potash 
and  adding  to  9S  oc.  distilled  water  [1  gram,  weight  —  1  cubic  centimetre 
volume). 

A  satarated  eolntion  can  be  secured  by  seaing  that  some  of  the  salt,  etc.,  is 
alwBjs  lying  nudissolved  aC  the  bottom. 

Further  information  as  to  the  nsea  of  the  reagents  will  be  found  by  reference 
to  the  General  Index. 

N.B.— For  most  porpoies  where  alcohol  up  to  90  per  cent,  is  nsed  {i.t. 
"alcohol,"  not  "abeolute  alcohol,")  strong  methylated  alcohol  will  serve. 
Its  alcoholic  strength  varies  from  abont  85  Co  90  pei  ceut.  Fercentage  compo- 
sitions ean  therefore  be  made  with  it  instead  of  abeoluto  alcohol. 

Approximately  60  per  cent.  alcohol-'SC  parts  strong  metb.  olc,  41  water. 
60  per  cent,  alcohol  — 67  parts  metb.  ale,  33  water. 
70  per  cent.  alcohoI-78  parts  meth.  ale,  32  water. 
82  per  cent,  alcohol  —91  ports  meth.  olc,  9  water. 

(As  this  is  a  rather  epeoial  strength,  it  is  beat  prepared  with 
absolute  alcohol.) 
90  per  cent,  alcohol  MstTong  methylated  alcohol. 
It  must,  however,  be  remembered  that  methylated  epirit  ia  seldom  or  never 
free  of   acid,   and   for  delicate  work,   therefore,   the  percentage  composition 
should  not  be  made  with  it. 

Material  fixed  iu  absolute  akobol  can  be  preserved  for  use  in  70  per  cent. 
alcohoL 

A. 

Acetic  acid,  Glatial. 

Acetic  acid,  1  per  cent.    For  fixing  the  nucleus,  especially  in  combination  with 
methyl  green  or  gentiana-vio'et. 

Acetic  aeid,  2  per  cent.    For  fixing  and  defining  nuclei. 

Acetic  aeid.  38  per  cent.    In  Barfoed's  sugar  reaction.     See  p.  49. 

Acetic  acid  is  an  excellent  clearing  reagent,  for  rendering  tissues  trans- 
parent, and  showing  np  the  cell-walls.  It  is  likewise  used  to  distingnisli 
crystals  of  oxalate  of  lime,  as  they  are  not  soluble  in  it. 

Acetie  aeid  and  Genliana-vioUt.     See  Gentiana- violet. 

Acelic  aeid  and  Methyl-green.    Set  Methyl-green. 
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Agar-Agar.  Obtained  from  Buehmma  gelatinaf  or  Gigartina  tptcioia,  is  nw.l 
in  the  East  in  the  place  ot  ordinary  gelatine,  for  preparing  soaps  and 
jellies.  It  bears,  withoat  liqnetjing,  bighsr  tempeiatareB  tlian  ordinar; 
gelatine.    Set  aJso  footnote  to  page  341. 

Aleanna  root  and  tincture.  Used  tor  renin  reactions.  The  aleoholie  tincture 
of  alcanna  is  added  to  so  mnoh  water  that  the  regin  will  not  dissolve  in  it, 
or  a  tbin  ohip  ot  alcanna  (Alkanet)  root,  washed  in  water  to  remove  dait, 
can  be  placed  with  the  preparation,  and  dilute  alcohol  ran  under  the  oover- 
glasB.  The  reain  drops  colour  deep  red  in  two  or  three  mioutes.  The 
coloured  drops  are  dissolved  in  strong  alcohol.  Alcanna- tincture  also 
stains  protoplasm  pale  rose-red,  from  a  quarter  to  halt  an  hour  being 
needed.    It  is  often  used  to  identic  the  ground  substance  ot  oil-containing 

AUobol,  Abtolale.  Where  the  alcohol  abonld  contain  a  ver;  specific  proportion 
of  water,  it  is  better  to  use  absolute  alcohol  diluted,  as  ordinal;  spirit  varies 
slightly  in  strength,  and  almost  alwaj^s  contains  acids.  Thus,  material 
preserved  for  working  with  carbonate  of  lime  crfslals  (cjstoliths)  alwajs 
shows  these  dissolved  il  kept  in  ordinary  spirits.  Where  expense  is  an 
object,  methylated  spirits,— cnlj  about  one-tenth  the  price, — can  however 
for  most  purposes  be  used.      (See  under  the  special  heads  in  Appendix  II.) 

Alcohol,  60  per  cent.  Used  with  alcanna,  for  resin  reaction.  Ste  119  ;  also  for 
making  picric  alcohol,  and  jucrio  aniUne-blue.     Stt  370. 

Alcohol,  60  ptr  cent.    See  234. 

Jlcoliol,  70  per  cent.    Used  in  treating  overstained  preparations.     See  365. 

Alcohol,  62  per  cent.     Used  to  harden  celloidin  in.    See  329. 

Alcohol,  Aeididattd.  TO  per  cant,  alcohol-t-0'5  per  cent,  hydrochloric  acid- 
Used  in  overstaining.    3»e  206. 

Alcohol  and  Glyctrine,  half  and  halt. 

Alcohol,  Mttliylalrd. 

Alcohol,  Picric.  Picric  acid  dissolved  in  60  par  cent,  aloohoi  An  oiceedingl; 
good  fixing  and  staining  reagent  for  GlamentODS  algfe. 

Allan,  wateiy  solution. 

Alimcarmine,  Grenaeher'B.     Set  Carmine. 

Ammimia,  strong  watery  solution.  Used  often  instead  ol  potash,  for  clearing 
tissues,  eta.  Abo,  after  the  use  ot  nitric  acid,  to  produce  the  yellow  colonr 
in  protoplasm,  known  as  the  Xanthoproteid  reaction.  By  the  same  reaction 
the  middle  lamella  (rf  thick-vralled  tissue  is  stained  yellow.  Ammoniik  is 
»1bo  ot  great  service  in  softening  dry  herboriam  material,  preparatory  to 
microscopical  examination. 

Aniline-blue,  watery  solntion.    Used  tor  staining  the  callus  of  sieve-plates  in 

Anilint-bbie  {Hofmann't  Blue),  dissolved  in  50  per  cent,  alcohol  and  containing 
I  per  cent,  acetic  acid,  can  be  used  for  the  same  purpose.  It  likewise 
■tains  protoplasm  and  not  the  cell-wall,  as  Che  colour  can  be  removed  from 
the  latter  by  washing  in  water  and  motmting  in  glycerine.  Alcohol  material 
most  be  washed  with  water  before  staining.  See  also  Methyl-blue  (or 
Metbylene-blue). 

Anitine-blaeieUh  picric  acid,    5««  Picrit  aniline-blue. 
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AniliJie-green  {Acetic}.     DibsoItb  amline-green  in   1-2  per  cent   aolntion  oi 
glacial  aoetio  acid  Id  dlEtilled  water  antil  the  solation  ie  of  s  clear  blue- 
green  colour.    Eapeciall;  geod  for  fliing  and  ataiDing  the  nucleus  in  its 
stages  of  diTiBioD.    The  coloar  is  not  permanent. 
Sre  al40  Methyl  green. 

Aniliiu  M.    See  Phenylamine. 

Aniline  mlphate  OI  cbloiide.  Test  for  lignin.  In  dilnte  watery,  or  in  alcoholic 
solution,  alcoholic  chloride  being  best.  Treat  the  seotion  Brst  with  tbis, 
and  ligniGed  walls  are  stained  yellow.  If  the  Beettoa  is  sabsequently 
treated  with  dilute  sulphurio  or  dilute  hydrochloric  acid,  the  colour  is 
deepened.  Or  a  miitnre  of  the  solution  with  -^  ita  balk  of  sulphurio  or 
hydrochloric  acid  can  be  kept. 


BtttU'i  carmine.     SceCarmiDe. 

Biimarek  brown.  Dissolved  in  hot  water  or  dilnte  alcohol.  Usad  for  staining 
Bacteria,  230. 

Borax-carmiot  [Greaaeher't).  2-3  per  ceul.  carmiae  diseoWed  in  solution  of  i 
per  cent,  borai  io  water;  dilute  with  an  equal  volnme  of  70  pet  cent, 
alcohol,  and  filter  after  allowing  it  to  ataod  for  some  lime. 

flora i-carmtn*  {TkieTich'i).  i  parts  boras  diBaolved  in  66  parts  distilled 
water  ;  to  tliia  aolution  1  part  oaciniQe  is  added ;  afterwards,  one  Tolume  of 
this  is  mixed  with  iwo  volumes  absolute  alcohol,  and  filtered  {Arch,  fiir 
miliT.  Anat.  i.,  page  149}.  This  fluid  stains  somewhat  slowly,  but  very 
beautifully.  Preparations  are  best  trrerstained,  and  tlien  laid  for  some 
time  in  a  watcb-gloes  m  60  or  70  per  cent,  alcohol  contaiaiiig  a  drop  of 
hydrochloric  acid  {see  Alcohol,  acidulated).  Used  especially  tor  nuclear 
staining.    Preparations  must  be  preserved  in  ftlycerine,  or  glycerine  jelly. 


Camphor.    For  nse,  tee  p.  308. 

Canada  haltam.  Dissolved  to  the  thickness  of  syrnp,  in  turpentine,  chloroform, 
benzole,  or  xylol.  It  can  be  obtained  dissolved  in  tarpentioe  in  metal 
tubes  like  those  used  for  liquid  colonrs,  and  ia  very  convenient  in  this 

Carbolic  acid.  In  alcoholic  and  watery  solutions,  used  fcrr  clearing  prepara- 
tions, and  is  often  better  than  potash. 

Carbolic  acid  in  hydrochloric  acid.  DisEolve  carbolic  acid  in  warm  hydrochloric 
acid,  and,  while  the  mixture  is  cooling,  add  sufficient  hydrochloric  acid  to 
dissolve  any  precipitate  that  may  be  formed.  Lignifled  tissaea  treated  with 
this  reagent  and  exposed  to  sunhght,  Show  a  greenish-yellow  or  blue-green 

Carton  biiulphidf.    Solvent  for  sulphur  grains,  in  Beggiatoa  alia. 
Carmine.    Solutions  of  carmine  usually  colour  diCTnsely;  but  the  nuclei  usually 
show  very  well  stained  if  the  preparations  are  afterwards  treated  (or  some 
time  withaciduliitedalcohot(i,v.),  or  with  acidulated  glycerine,  >.«.  glycerine 
containing  J  per  oe.it.  hydrochloric  acid. 
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Carmin',  Alvja  {Grenacher's).  A  1-6  per  cent,  vatery  Bolution  o(  common 
or  ammonia-alum  is  boiled  for  from  ten  to  twenty  minutes  mth  J-1  per 
oent.  powdered  carmine,  and,  after  cooling,  ia  filtered.  A  trace  of  carbolic 
acid  is  added,     {AtcHb./.  mikr.  Aiiat.  %v\  ,  p.  465.) 

Carmine,  Ammortio-acetic  {Hoycr't).  1  gram,  carmine  is  heated  in  a  sandbatb 
in  about  1-2  cc.  strong  ammonia  sulution  and  6-B  cc.  distilled  water  till 
the  eicBBa  of  aminonia  ia  YOlatilised.  When  it  forms  only  small  bubbles 
the  ammaniacal  combination  commences  to  decompose,  and  the  solution 
becomes  a  clear  red  colour.  After  oooling,  the  precipitate  is  filtered  off, 
leaving  the  fluid  perfectly  neatral.  To  this  liquid  odd  four  to  six  times  its 
volume  of  absolute  alcohol ;  a  clear  red  precipitate  is  formed,  nhich  can 
be  filtered  out  and  preserred.  When  required,  this  poirdsr  can  be  dissolved 
in  water,  and  the  solution  ia  made  permfment  by  the  addition  of  1-3  per 
cent,  chloral  hydrate.     (Biol.  Cmlraib.  ii.,  p.  18.) 

Carmine,  Ammoiiio-aeeiie  (Hamaan's).  To  an  ammonjaeal  solution  of  carmine, 
acetic  acid  is  added  until  a  precipitate  begins  to  be  formed.  Filter  the  fluid 
before  uaiDg.    By  the  addition  of  1  ta  2  per  ceut.  chloral  hydrate  it  is  made 

Carmint,  Beale'i.  0-6  gram,  powdered  carmine  is  diBsolved  in  3-3  co.  con- 
centrated ammonia.  At  the  end  of  an  hour  a  mixture  of  66  cc.  water, 
47*5  cc.  heavy  glycerine,  and  19  cc.  absolute  alcohol  is  added  to  it.  Mix, 
and  after  some  time  filter.  (Ho\p  to  Work  with  the  Microscope.  4th  edit. 
p.  109.) 

Carmine,  Borax,     See  Borax-carmine. 

Carmine,  Picric.  Dissolve  Hoyer's  oannine  {>ee  above)  in  a  saturated  watery 
solution  of  picrate  of  ammonia. 

Cedar,  Oil  of.  Used  for  treating  prepafations  of  bacteria,  prior  to  mounting  in 
Canada  balsam  or  dammar.     See  p.  230. 

CeUoidin.    A  form  of  collodion.    Use  of,  329. 

Chemj-ioood  extract.  Twigs  of  cherry,  rejecting  the  thin,  green  parts,  are  cut 
up  into  thin  shavings,  steeped  in  absolute  alcohol  for  tweuty-tonr  hours, 
to  remove  the  chlorophyll  as  much  as  possible.  The  shavings  are  now 
shaken  free  of  the  discoloured  alcohol  and  steeped  in  a  new  supply,  and 
allowed  to  remain  for  several  days,  being  frequently  stirred.  This  fluid  is 
then  filtered,  and  evaporated  down  until  a  fragment  of  very  coarse 
unbleached  blotting-paper  moistened  ^vith  it,  and  subsequently  with  hydro- 
chloric acid,  quickly  becomes  a  deep  violet  colour.  The  residual  fluid  thus 
obtained  is  brown,  and  smells  like  camphor.  Preserve  in  a  well-closed 
boltte.     Iteagent  for  tignin,  59. 

Chloral-htjdTaii.    Used  as  aclearing  reagent, especially  for  pollen-grains,  319,330. 

Chloroform.     Solvent  of  fat  and  etherial  oils. 

Chloriinc  iodine  (Iodized  cbloiide  of  zinc,  Schultze's  solution).  Zinc  is  die. 
solved  in  pure  hydrocblorio  acid,  and  the  solution  evaporated  (metallic  zinc 
being  kept  in  it  during  the  process)  to  the  consistence  of  strong  sulphnric 
acid ;  in  this  is  dissolved  as  much  iodide  of  potassium  as  it  will  take  up, 
and  finally  aa  much  metallic  iodine  as  it  will  dissolve.  (Niigeli ;  Sttber.  d. 
Kgl.  .ikad.  d.  Wisi.,  1833,  p.  383).  Chlorzinc  iodine  is  the  simplest  reaQent 
for  cellulose. 
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Ckloriine  iodine  and  iodiiu.    Dissolve  iodine  it 

cipitate  bagios  to  be  lormed.    Tliia  fluid  si 

deep  brown  colour. 
Chrom-acetie  acid,  1  per  etrtt,     Chromio  aoid  0'7  per  cent.,  acetio  acid  0'3  per 

cent,  in  water.     Used  for  "  fixing  "  olgaB.    Time  taten,  up  to  21  hours. 
Cliromie  acid,  0'5  per  cent.    For  filing  bacteria. 
Cliromic  acid,  I-O  per  cent.    For  fixing  Nitella,  filamentous  olge,  eta.     12  to  24 

CfiroiRti;  a-;id,  W  per  cenl.     Used  In  preparing  slieletoDs  ot  diatoms.  213. 
CIiTOiaic  acid,  26  per  cent.    Dissolves  membrane  o(  poUen-graina,  318. 
Cliromie  acid,  Concentraitd.    Dissolves  the  middle  lamella  of  lignified  tiaaoe.  69. 
Does  not  dissolve  oork,  153.     Skeletons  of  difttoms,  213. 

(iJU  lht$e  ChTomic  Aeid  iolution$  are  in  Water.) 
Clovee,  Oil  of.    Used  for  clearing  eections  prior  to  mounting  in  Canada  balsam. 

Copper,  Acetate.     Used  in  Barloed's  sugar  reaction.  49. 

Copptr,  ^tnmon-oxiijt  {ouproiide  ammonia,  ammoniacal  cupric  oxide).  Oi;- 
hjrdrate  of  copper  is  carefnll;  precipitated  from  the  sulphate  by  a  dilute 
EQllilion  of  ammonia  i  tbe  clear  green  precipitate,  separated  and  washed, 
is  added  while  atUl  moist  to  strong  ammonia,  in  whioli,  upon  alightl? 
warmiog,  it  is  dissolved.  Upon  cooling,  crystals  of  sub-sulphate  of  copper 
and  ammonia  fall  to  tbe  bottom.  Tbe  filtered  liquid  contains  only  the 
ammoniacal  cupric  oiide  in  solution.  It  mnst  be  kept  in  bottles  of  dork 
glass,  or  in  the  dark  (Schweitzer,  Vierifljahmchr.  d.  naturf.  QaelL  in 
Zurich,  Bd.  II.  13£S).  It  can  also  be  prepared  by  digesting  copper  turnings 
in  an  open  bottle  with  the  liquor  amnion,  of  the  Fharmacopreia.  As  it  is 
very  easily  decomposed  by  light,  it  is  perhaps  best  prepared  fresh,  when 
required.    It  is  fit  for  use  only  so  long  as  it  rapidly  dissolves  cotton-wool. 

Copper,  Sulphate.    Used  in  Fehling's  solation  for  sugar,  48. 

Corallin  soluCvn.  Dissolved  in  water  with  the  help  of  30  per  cent,  its  own 
weight  ot  carbonate  ot  soda.  To  prevent  its  altering,  a  little  camphor  can 
be  added  to  the  solution. 

Constantly  used  for  staining  and  differentiating  mixed  tissues.     Specially 
stains  lignin,  sieve-callus,  and  starch. 

Crytt'il  Paiaee  glast  cement,  or  other  similar  cement,  such  ua  Goagnline.  For 
fixing  card  labels  on  object-slides. 

D. 

Dammar,  Own.  Dissolved  in  warm  turpentine,  and  evaporated  to  tbe  ttiickness 
of  syrnp.     Can  be  obtained  in  tubes  ready  for  nse. 

Diamond-fuchiin-iodine-green.  Uake  a  solution  ot  fuohain  and  of  Iodine-green 
in  50  per  cent,  alcohol;  pour  the  iodine-green  into  a  saucer  and  slowly 
add  to  it  the  tuchsin  solution  till  the  fluid  has  taken  a  distinct  violet 
colour.  Used  for  unclear  staining.  See  p.  366.  Preparations  can  be 
mounted  in  glycerine. 

Dlphenylamine.  0-05  gram,  in  10  cc.  pore  sulphuric  acid.  Used  as  reagent 
for  nitrates  aud  niti-ites.    See  p.  49. 
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Faji  d'  Javelle  (Potassium  bypochlocite). 

Kav,  de  Lnhamiqat  (Sodium  hypochlorite!. 

I  give  potasniam  lijpochlorile  the  preference,  though  the  two  differ  little 
ID  tLeir  actiou.  It  is  best  to  prepare  the  Euu  de  Javelle  joiirselt,  b; 
miiing  20  parts  of  the  officinal  (25  per  ceat.j  ohloride  of  lime  nith  100 
parts  water,  allowing  it  (o  stand  some  time,  and  adding  a  solution  o(  15 
parts  pure  potash  in  100  parts  water.  After  allowing  it  to  stand  for  one  or 
several  hours  the  mixture  is  filtered,  and  the  filtrate  used.  Should  lime 
still  remain  in  the  solution,  and  as  a  result  the  drops  brought  into  nse  form 
in  the  air  a  skin  of  crystalline  carbonate  of  lime,  this  is  easy  to  remove  by 
adding  a  few  drops  of  potash  solution  and  filtering  off  the  precipitate. 

Egg.  White  of.  Used,  diluted  with  water,  and  with  the  addition  of  a  Uttte 
camphor,  for  observations  in  the  embryology  of  GymnOBperms.     Sie  p.  308. 

Eneloiing  {or  mounting)  Jluid.  Hoyer'i.  for  Aniline  preparationt.  A  tall  glass 
vessel  with  a  wide  neck  ta  filled  up  to  two-thirds  with  gum-arabic,  in 
selected  clear  pieces.  The  vessel  is  then  filled  up  to  the  neck  with  a  solu- 
tion of  50  per  cent,  acetate  of  potash,  or  with  a  watery  solution  of  acetate 
of  ammonia  conlaining,  to  each  £0  gram.,  10  gram,  of  ctustic  ammonia 
neutralized  by  a  sufficient  quantity  of  acetic  acid.  The  gum  is  dissolved 
in  a  few  days.  It  the  veesel  is  often  shaken,  and  forms  a  syrupy  fluid,  which 
ia  fillxred  through  thick  swanadown^a  process  taking  about  24  hours. 
Biol.  Ce«trbl.,Bd.  II.  p.  23. 

Eiicloiing  JIuid  for  Cariniiie  a-ad  Haniatoxylin  {Lngwood)  preparalions.  This 
is  prepared  as  above,  excepting  that,  instead  of  acetate  of  potash  or  of 
ammonia,  e.  concentrated  solution  of  chloral  hydrate,  to  which  is  added 
Ot.10  per  cent,  glycerine,  ia  used.  After  some  time  this  fluid  may  become 
turbid,  and  it  is  then  necessary  again  to  filter  it. 

Preparations  mounted  in  either  of  these  fluids  require  no  further  en- 
closing. 

Eotin.  Strong  Bolution  in  alcohol.  Stains  protoplasm  deeply.  Especially 
nseful  for  sieve-tubes. 

Eositt,  Watery.    Acts  in  much  the  same  way. 

Klber.  As  a  reagent,  used  as  a  solvent  for  fat  and  eerie  acid.  Used  also  to  dis- 
solve  cake  cetloidin.    See  p.  329. 


Feliling't  Solution.    For  preparation,  tee  p.  48.    A  reagent  for  glucose. 

Fonaie  genliana-violet.    See  Oentiana -violet. 

Formic  melhi/l-green.    See  Methyl-greeu. 

Fuchtin  {Magenta).    In  100  gram,  of  a  5  per  cent,  watery  solution  of  carbolic 
acid  is  dissolved  1  gram,  fuchsin  (mngenta),  and  then  10  gram,  alcohol 
added.    Filter.    This  fluid  keeps  well.    It  is  advisable  to  worm  the  flnid 
in  using  it. 
Used  for  staining  tobercle-bocilU,  23S. 
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Fueluln.  DiasotTad  in  h&It-and-ball  aloohol  and  nater.  Seolioaa  treated  pre- 
Tioual;  with  alcohol  sod  atataed  with  tbis,  show  np  the  atmctare  ol 
thiokened  oeU-walla.  Stained,  sod  washed  in  absolute  aloohol,  the  ooloni 
ia  removed  from  all  eiaeptiag  oorkf  walU ;  ver;  briefly  washed,  it  is  lett 
alio  in  lignined  membraDes. 

Fuehtitt  vith  xodine-grait.    Set  Diamond'tnehsin  iodiae-green. 


Gelatine.     Uaed  in  cultivation  ol  pollen- grains,  331. 

GetUiana-violtt.  Veiy  dilnte  watery  solotion  (tains  decolorized  chlorophyll- 
bodies,  and  other  chiomatophores.  Used  also  for  staining  bacteria,  22^, 
239. 

Oentiana-vioUl,  Acelie.  Oentiana-TJolet  is  dissolved  in  I  pec  cent,  aolutioa  of 
acetic  acid  till  the  solution  has  a  deep  violet  colour. 

Gentiana-vioUt,  Formit.    Prepared  with  1  per  cent,  solution  of  formic  acid,  as 

These  two  staina  are  invaluble  in  preparations  to  show  nuclear  figures. 
The;  keep  in  gljcerine. 

Qentiana-vioUt  in  aiiiltue  laaler.  For  preparation,  lee  pp.  234-5.  Used  for 
staining  bacteria  in  tbe  tissues. 

Glycerine.  Used  also  for  clearing  tissues  by  heating,  232,  313,  and  for  de- 
bydratii^,  389. 

Glycerine  acidulated.    Used  like  acidulated  alcohol,  q.v. 

aiycerint,  concentrated.    An  invaluable  mounting  meditun. 

Gtyeerine,  diluted.    Two  parts  glycerine,  one  part  water. 

Glycerine  and  aUohol.  Half  and  halt.  Used  especially  tor  softening  bard 
alcohol  material.  Preparations  showing  fixed  cell-conten's  are  best  not 
transferred  direct  from  alcohol  to  glycerine,  but  placed  in  a  mixture  ol 
alcohol  and  glyceriue  allowed  slowly  to  oanceiitrate. 

Glycerine-stim.  10  gram,  gum-arabic,  10  cc.  water,  40  to  SO  drops  glycerine. 
(Dippel.  U.  Aufl.,  Bd.  I.,  p.  773.)  Used  for  embedding  in  section-cutting, 
192,  338. 

Glycerine-jelly  (Eaiser's).  One  part  by  weight  of  finest  French  gelatine  is 
softened  for  about  two  hours  iu  six  parts  by  weight  of  dialillad  water.  To 
this  ia  added  7  parts  by  weight  of  chemically  pure  glycerine,  and  to  each 
100  gram,  of  the  mixture  is  added  1  grom,  concentrated  carbolic  acid.  It 
is  then  warned  tor  from  10  to  16  minutes,  while  continually  etirriug,  till 
all  the  fiocculeuce  which  the  addition  of  the  carbolic  acid  caused  has  dis 
appeared.  While  still  warm,  it  ia  filtered  through  the  finest  cloth  ot  spun- 
glass,  which  has  been  previously  washed  in  distilled  water,  and  laid  in  the 
funnel  while  still  damp,  {Bot.  Centralb.,  Bd.  I.,  p.  36).  Can  be  obtained  ot 
E.  Eaiser,  Berlin. 
Oold-nie.    Finest  English, 

Giiia-aTahit:.     Use  in  making  Enclosing  fluids  etc.,  and  for  embedding. 
Gum-arabic-     10  per  cent,  clear  filtered  solution.     Used  (or  slackening  move- 
ments of  speiiDatozoida,  293. 
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Hajaatin-animonta.  For  preparftlion  and  method,  »«  pp.  205-6.  Vsei  for 
Btaiuing  ceU-contentB  of  filamentous  algs,  which  have  b^en  fixed  in  picric 
acid  only.    Troublesome,  but  often  eiceedingl;  beantilul. 

H/tmatoiylin  (Logwood).  Bcihmei's.  Dieaolve  0'35  gram,  haematoxjlin  in 
10  gram,  abeolute  alcohol,  and  add  tbia  solution  drop  hj  drop  to  a  second 
solution  o(  O'l  gram,  alnm  in  30  grata,  distilled  nater  notil  a  beautiful 
blue-Tiolet  colour  ia  prodaced. 

Hematoxylin  (Logwood).    DelaQeld's  or  Orenachei'B.    Prepare,— 

(1)  Saturated  solution  of  hiematoijlin  crTstals  in  abaolute  alcohol. 

(3)  Saturated  Eolutioii  of  ajmnouiaeal  alnm  ciTBtals  in  distilled  vater 

Take  4  cc.  of  (1)  and  mix  with  160  cc.  oi  (2).    Allow  it  to  stand  in  tbe 

light  for  a  week,  filter,  and  add  to  it  22  cc.  glycerine  and  25  cc.  methylated 

alcohol.    Before  use  it  ia  best  to  allow  it  to  stand  for  some  time  till  anj 

precipitate  baa  time  to  settle. 

These  eolutiona  atain  bast  if  old,  and  should   be  used  very  dilute,  t.«.. 
a  few  drops  in  a  watch-glasa  of  water.    Alcohol  preparations  must  pre- 
vioualj  be  placed  in  water.    All  acids  must  be  avoided,  though  ^  per  cent, 
hydrochloric  acid  ia  useful  in  caaa  of  oTerstainiog  (lee  pp.  205  and  3IJ5). 
Logwood  is  inva'uablB  for  staining  cell-contents,  nuclear  figures,  etc- 

Hydroehlorie  acid.  Jjwr  cent,  in  70 per  efitt,  alcohol,  Daed  in  restoring  over- 
stained  logwood  preparations.    See  p.  366. 

Hydrochloric  acid,  §  per  cent,  in  70  jier  ciiit.  alcohol.  Used  in  restoring  over- 
stained  carmine  preparations.     See  p.  20C. 

Hydrochloric  add,  10  per  cent,  in  mater. 

Hydrothlorie  acid,  30  per  ceiif. 

Hydrochloric  aeid,  Concenlraled. 


Iodide  of  line  in  glycerine.     A  concentrated  solution  ot  pure  dry  iodide  ol  zfno 
in  pure  glycerice.     After  filtering,  if  necessary,  evaporate  in  a  water-batb 
to  the  refractive  index  I'SIS,  for  tbe  D  line  of  the  spectrum.     Used  as  an 
immersion  fluid. 
Does  not  attack  balsam  used  as  setting  of  the  objective  lenses. 

loijine,  in  alcohol.  Ofiicinal  tincture  of  iodine,  diluted  with  alcohol  to  a  dark 
sherry  colour.    Or  iodine  dissolved  in  alcohol  to  tbe  same  tint 

Iodine,  in  chloral.  Solution  of  5  parts  chloral  hydrate  in  2  parts  water,  with  a 
little  iodine  solution  added.  Used  for  decolorizing  chlorophyll-bodies,  and 
showing  the  contained  starch-grains. 

7oiIiRe,  in  glycerine.  Iodine  dissolved  in  glycerine,  and  water  added  to  dilate  it. 
Wben  undiluted,  can  be  used  to  show  mi  note  grains  of  starch,  e.g.  in 
growing  points,  by  carefully  beating  tbe  preparation  in  a  drop. 

Iodine,  in  polonium  iodide.  Take  G  eg.  iodine,  20  eg.  potasBium  iodide,  and 
16  CO.  diatilled  water. 

Iodine,  and  sulphuric  acid  (coToura  cellubse  blue).  Beat  obtained  with  potassium- 
iodide  iodine,  and  sulphuric  acid  diluted  with  half  its  volume  ot  water.  i.e. 
Svols.  acid  to  I  vol.  distilled  water. 
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Iodine  in  leatir. 

Solutions  of  iodins  ehonld  b«  kept  in  darkness,  oc  else  Id  colonred  gtaej 

bottles.     Or  the  stock  con  b«  kept  id  a  dork  copboard,  and  that  in  xtse 

replaced  every  month  or  so. 
Iodine.    Ste  alto  Cklorzine  iodine. 

lodine-grten.    Used  eapeciall;  ia  dODble-staining.    See  92.  93. 
Iodine-green,  Formic.    Id  1  or  3  per  cent,  lormic  acid  iodine-green  is  dissolved 

until  the  fluid  appears  a  deep  blne-greeu  colour. 
lodittt-green.  Acetic.    In  1  or  S  per  cent,  acetic  acid,  etc.,  as  above. 
Jron'Olum  lolution.    Used  to  remedy  overstaiuing  with  logwood.  365. 

J.  Used  in  taunin  reactions,  53.      A  dilute  waterr 
Iron-pcrchlond^  solution.   \       ^[„^;^^_  j^  ^j^j^j^  ^  ^        ^,  ^,^;^  ^^.^  ^ 

Iron-eulphate  lolution.        /       oddad 


Lavcndir,  Oil  of.     Used  as  a  elearing  reagent,  instead  of  oil  of  cloves,  before 

mounting  iu  dammar  or  Canada  balsam,  3G6. 
Lemon.  Oil  of.    Used  as  a  clearing  reagent  for  pollen-grains,  319,  320. 
Liate,  photphate.     Used  in  onltnre  fluid  for  fresh-water  algn,  308. 
Lime,  nUpliote.    The  same. 
lAnteed  oil.     Used  for  dilating  gold-size,  306. 
Logicood.    Set  Hematoxylin. 


Macerating  mixivrt,  SchuEtzt'i.  Several  methods  for  using  this  important 
reagent  have  been  suggested. 

(I)  Place  in  a  wide  test-tube  some  pieces  ot  chlorate  of  potash,  and  pour 
over  them  suEBcient  strong  nitrlo  acid  to  completely  cover  them ;  then  lay 
in  the  fluid  longitudinal  sections  of  the  material  and  warm  over  a  flame  till 
gas  is  actively  evolved.  Allow  it  to  work  for  a  few  minutes,  then  empty  the 
whole  into  a  dish  of  water,  and  carefully  wash.  Remove  the  sections  with 
a  glass  rod  into  another  vessel  ot  water,  and  thence  into  water  on  an  object 
slide ;  there  the;  can  be  torn  to  pieces  with  needles. 

(3)  Put  the  sections  in  a  tube  with  an  equal  bulk  of  chlorate  ot  potash, 
cover  with  concentrated  nitric  acid,  and  proceed  as  above. 

(3)  Use  1  gram,  ehlorate  ot  potash  to  50  ce.  nitric  acid,  and  proceed  as 

(1)  3  grains  chlorate  of  potash  and  2  draohms  nitric  acid  (sp.  gr.  I'lO) ; 
keep  the  sections  in  this,  cold,  for  a  fortnight. 

After  carefully  washing  in  aloohol,  the  preparations  as  above  can  be  pre- 
served in  glycerine. 

Magenta.    See  FiKhtin. 

Magnetla  eulphate.    Used  in  culture  fluid  for  A%»,  208. 

Marjoram,  Oil  of.  Clearing  reagent,  before  monnting  in  dammar  or  Canada 
balsam,  365. 

Methyl-blue  (Methylene-bine).  Watery  solution.  Preparations  washed,  after 
staining,  in  water,  show  the  cell-wall  coloured,  and  not  the  protoplasm. 
Sections  of  alcohoL-material  must  be  washed  in  water  before  staining. 
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Sltthyl-gretn.  Alcoholic  solution,  naed  for  material  in  >bsolute  alcabol.  Slotn 
for  G-30  minuteB,  irash  in  dislilled  water,  and  meant  in  gljcerine.  Stftini 
nuclei  only. 

ftethyt-grten,  Acttic.    Set  Amiine-green,  Acetic. 

titlliyl-green.  Formic.  Diesolva  metbyl-green  in  1-2  per  cent.  oE  farmio  luiid 
till  a  deep  lilue  colour  ia  produced. 

ilethyi-vioUt.  A  concentrated  alcoholic  Eolution  should  be  kept.  For  use,  it 
can  be  added  drop  by  drop  to  a  Utile  distilled  water  till  thia  is  deeplj 
coloured.  This  fluid  is  epeciallj  used  ior  staining  the  pellicle  (zoogltea) 
of  bacteria.  A  portion  of  tbe  pellicle  is  placed  on  an  object-slide,  and  a 
drop  or  two  of  the  metbjl-violet  placed  thereon  and  allowed  to  remain  till 
the  stain  appears  siifBcientl;  deep.  A  little  esperienoe  is  needed  here  to 
judge  the  strength  ol  the  fluid  and  depth  of  the  staining.  It  this  is  too 
deep,  the  jelly  in  which  the  bacteria  are  embedded  is  also  stained.  After 
staining,  wash  the  prepalation  with  water,  or,  better,  with  a  10  per  cent. 
solntion  of  acetate  of  potash.  After  lying  for  half  an  hour  in  the  air,  the 
preparation  can  be  mounted  in  Canada  balsam ;  not  in  glycerine,  as  Uiat 
dissolves  ont  tbe  colour.  Or  it  can  be  mounted  in  a  watery  (10  per  cent.) 
solution  ot  acetal«  of  potash. 

Mtlhyl-vioUt  in  tulpfatrie  acid.  Dissolve  methyl-violet  in  strong  sulphuric 
acid  till  brownish -green ;  then  add  water  slowly  till  violet.  This  swelle 
cell-walls  and  stains  protoplasm.  Hence  it  is  very  useful  for  Bieve-tubes. 
Stain  Ibe  preparation,  and  tlien  wash  with  water. 

ilelhyl  violel.  Watery  aolutiojt.     U^ed  aa  Etain  for  chromatophores,  89,  41. 

VUloiCe  reagent.  Dissolve  metallic  mercury  in  its  weight  of  concentrated  nitric 
acid,  and  dilute  with  an  equal  volume  of  distilled  water.  This  reagent 
ought  to  be  prepared  fresh.  Swells  cell-walU.  and  displays  their  lamina- 
tion. Protein  substances  are  disorganized,  but,  after  standing  for  a  while, 
take  a  characteristic  brick-red  colour.  Slightly  warming  hastens  this. 
(This  reaction  appears  to  fail  sometimes.) 

Molybdatf  of  ammonia.    Dissolved  in  a  concentrated   solution  of  a 
chloride. 

Uouating  fiaid.    See  Enclosing  Jluid. 


Nigro$ine  (Quality  I.  ot  Trommsdorf).    Watery  solution. 

Nigroiine,  Picrie.  To  a  satarateJ  watery  solution  of  picric  acid,  a  small  quan 
tity  of  watery  solution  of  nigrcsine  is  added  till  the  fluid  appears  a  deep 
olive-green  colour.  Exceedingly  good  for  unicellular  and  fihtmentous 
alga,  Bloining  and  fixing  at  the  same  time  (12-31  hours). 

Siiric  acid.    Used  in  lantho-proteid  reaction,  g.  v.,  and  for  mooeratioo. 


Oeniie  aeid,  1  per  ceot.  J/iiit  be  kept  in  darkness,  and  in  a  well-closed  bottle. 
Colours  oil-drops  brown.  Instantaneously  fixes  living  protoplasm,  and 
bcnce  serves  in  nuclear  studies.  In  a  mixture  ot  9  parts  0-26  per  cent, 
chromic  acid  solution,  and  1  part  1  per  cent,  osjoic  acid,  filamentous  algie, 
Nile  [fa,  etc.,  ean  be  at  the  same  time  hardened  and  stained. 
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Pkmol.    Set  Ciibolio  aoid. 

Phloroglutin.  Alcoholic  (or  waterj)  aolntion,  1  to  6  par  cenl.,  or  even  so  low 
ae  ^  per  cent,  will  do.  Followed  b;  hydrochloric  acid,  is  the  best  reagent 
for  liguiD ;  ite  p.  69-  Phlorogluoin  ie  expeoBive,  but  a  couienieat  snb- 
atitnte  can  be-prepared  from  cheoy.wood.     See  Cherry-wood,  eKtraot 

Picric  add.    Satnratad  watery  BolulioD. 

Picric  alcokol.    Fiorio  acid  dieBOlved  to  Batnratioa  in  60  per  cent,  alcnhol. 

Picric  aniline-blur.  To  a  saturated  waterj  solution  ot  picric  acid,  about  i  per 
cent,  of  a  saturated  watery  solution  of  aniline-blue  ia  added,  so  that  a 
deep  blue-green  fluid  is  produced. 

Picric  nigroiine.    See  Nigroeine,  Picric. 

Potaek  (Potassium  hydrate).  Concentrated  watery  solution.  A  test  for 
Bnberin  (p,  155).  Suberized  tissues  placed  in  it  become  yellow ;  it  warmed, 
the  coloDT  is  much  deeper;  if  boiled,  the  suberio  is  exuded  in  the  toim  of 
yellowish  drops. 

Poiath,  Dilute  wateri/  lolulion,  S  or  6  per  cent.  Specially  used  as  a  "  clearing  " 
reagent. 

Potaih,  Acetate  of.  Concentrated  aolntion  in  water.  Used  as  a  mounting  fluid. 
After  covering  with  tlie  cover-glaaa,  the  preparation  mast  not  be  sealed 
lor  about  24  hours.     The  fluid  doe  s  not  crystallize.     See  pp.  172,  ITT. 

Potaih,  Alcoholic  (Guasow's).  Bectified  spirit  is  mixed  with  a  concentrated 
watery  solution  ot  potassium  hydrate  till  a  slight  precipitate  ia  formed. 
The  fluid  is  frequently  shaken,  and  allowed  te  stand  for  24  hours.  The 
resnlting  weakly  yellow  fluid  is  poured  off  from  the  sediment,  and  for 
use  must  be  diluted  with  half  its  volume  of  distilled  water.  For  the  ordi- 
nary purposes  of  dilute  potash  this  ia  preferable  to  the  watery  solution. 

All  these  potash  reagents,  especially  the  watery  solutions,  mnst  be  kept 
in  well-stoppered   bottles,  and   the   stopper   occasionally   anointed  with 

Potash,  Bichroniale  of.     10  per  cent,  solution  in  water-    Reagent  for  tannin. 

Potath,  Chlorate  of.    Constituent  of  Schultze's  macerating  mixture. 

Potash,  Nitrate  a/.    A  constituent  of  cnlture-fluid  for  algie,  208       10  per  cent. 

solution,  causing  plasmoljsis,  3Ta- 
Potaeiio-iodic  tartrate.    Used  is  FehUng's  sugar  reaction,  48- 

R. 
noganiIin«t'{oIel(Hane(eiu'B).— Equal  parts  methyl-violet  and  fuchein{mBientB) 
miied  and  dissolved  in  alcohol.  Shows  stratification  ot  cell-waBs,  and 
differentiates  sections  of  stems,  especially  monocotyledons.  Stains  pro- 
toplasm  bluish-violet ;  amyloid  substances,  nucleus,  and  gums  diCfereu! 
shades  of  red ;  resins,  blue ;  tannin,  foxy-red  ;  cellnlose,  pale  violet ;  ligniri, 
reddish;  bast-fibres,  deep  red;  sieve-tubes  and  bast  parenchyma, hardly 
ataU. 


Saframn  {n  alcohol  (absolute)-  Saturated  solution.  Stains  nncleas  well  io 
material  hardened  in  alcohol ,  chromic  acid,  or  picric  acid.  In  the  latter 
two  cases  the  sections  must  first  be  washed  in  water,  and  then  placed  io  a 
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little  of  tbe  iaffranin  Eolation  diluted  with  an  equal  quantity  of  dietitled 
water.  Leave  in  this  from  12  to  24  Lours.  Tbe;  can  be  eiamined 
from  time  to  time  io  a  drop  of  the  same  fluid  to  sea  bow  the  staining  is 
proceeding.  Then  wash  in  absolute  alcohol  till  they  cease  to  give  off 
colour  I  place  in  oil  of  cloves  or  of  marjoram,  and  then  mount  in  dammar 
or  Canada  balsam. 

Safranin  in  icaler.     To  (tifferentiate  stem  of  I.^<;{i}Mifiuin,  119. 

Schvlut'$J!uid.    S«  CliloTiinc  i'ldint. 

Schnllzi't  mncsTating  mixlure.    Set  Macerating  mixtun, 

Sheltac.  The  clearest  possible,  dissolved  in  absolute  alcohol  to  tbe  thickueis  of 
syrup,  and  filtered.    A  mounting  medium,  36Q. 

Soda,  Cauitic.     Solntion  of  sp.  gr.  112.    Used  in  Febling's  sugar  reaction,  4S. 

Sodium  chloride  (table  salt).    Used  in  culture-fluid  for  alges,  308. 

Sodivm  tttlphite,  232.     Used,  warmed,  as  a  solvent  for  stilpbur-graiDE. 

Sugar  (Cane),    For  solutions. 

Sulphuric  acid,  concentraled. 

Sulphuric  BCid,  dilute.  Equal  Tolumes  of  Bulphuric  acid  and  wat«r.  Also  3 
acid  :  1  water. 


Vateline. 

Feiuvin,     Water  oolution.    Used  for  staining  booteria,  'i 


Xanihoprot'id  Teaclioti.  tor  protoplasm.    With  aneeeBsiye  aao  of  uitrie  add  and 
ammoiiia,  protoplasm  colours  yellow. 
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Genebu,  Notes  ok  Methods  and  Selected  BiiAOEnrs. 

The  following  notes  include  the  most  nsefiil  o[  the  reagents  given  in  Appendix 
III.,  and  those  therefore  which  it  is  desirable  should  be  iacluded  iu  a  limited 
MtlectiOD.     The;  are  classified  according  to  their  purpose  or  nature. 

Fui  aloohol  and  methylated  spirit,  see  a  note  at  the  beginning  o[  Appendix  III. 

Uicno-cHEuicUi  Beaoents. — These  ore  used  on  account  ol  certain  efFecttk 
(reactious)  which  they  produce  upon  some  constituent  or  other  of  the  plant, 
and  b;  nhioh  therefore  the  presence  and  nature  of  tbat  constitaent  can 
be  recognised,  Naturally  in  micro- chemistry  ne  are  restricted  to  optical 
reactions,  and  hence  these  reagents  always  produce  distinctive  eSects,  either 
awelhug,  ilissolviug,  colonring,  evolution  of  gas,  etc. 

(1)  Iodine  in  atcohoL 

(2)  Iodine  in  glycerine.     Can  be  made  from  (3)  when  required. 
(2*)  Iodine  in  chloral  hydrate. 

(3)  Potaiiium-iodide  iodine, 
(i)     CMorzine  iodine. 

(4*)  Chluriine  iodine  and  iodinti 

(5)  Svlphnric  acid  {conceatralfd}. 

(6)  Sulphuric  acid  [dilale,  2  acid  ;  1).     Can  be  prepared  from  (u). 

(7)  Hydroahlorie  atid  (wneenlraled), 

(7')  Hydrochloric  acid  (^  per  cent,  in  70  per  cent,  alcohol). 
(Tt)  Hydrochloric  acid  (J  per  cent,  in  TO  percent,  alcohol}. 

7'  can  be  prepared  when  wanted  by  putting  1  drop  strong  acid  in 

a  watch-glass  at  70  per  cent,  alcohol.     7t  requires  great  esie 

in  use.     See  p.  3G5. 

(8)  Nitric  acid  (strong). 

(9)  Jcetic  acid  (glacial). 
(9")  Ac/tic  acid  (1  per  cent.). 

(10)  Chromic  acid  (concentiated). 

(10*)  Chromic  acid  (25  per  cent-).     Other  percentages  can  be  made  from 
this  as  required. 
Alkales. 

(11)  Amraonia  (strong). 
(13)     Potaih  (concentiated). 
(12')  Polash  (5  or  6  per  cent.). 
(12t)  Polaihinaleohol. 

WO 
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Inorgttiiic  Saltg. 

(13)     Acetate  of  copper  (crjetals).    Used  in  Barfoed'B  sngar  reaction. 

(18*)  SiUp!iate  af  copper  (orjatala).     Used  in  Fehling'H  augar  teaotion. 

(1*)    PeTclUoride  o/iron. 

(15)     Ferraui  lalpbalt  (crystals). 

(18)    DicliTomate  of  pocaih  (10  per  cent,  watery  golution). 

(17)  Cldorate  nfpntaib  (oryEtala). 

(18)  Potatno-iodie  tartrtxte. 
(18*)  Caiatic  loda. 

Oreanic  bodies. 

(19)  Alcohol  (abBoIute,  or  SO  per  cent  >. 

(20)  iletl-ylated  alcohil. 
(2X)    Ether. 

(22)  Alcanna  (Alkanet)  root,  or  tinctare. 

(23)  Aniline  chloride  (in  alcohol). 

(24)  Caiaphnr. 

(25)  Carbolic  acid  (plienol). 

(26)  Dipheuylamin. 

(27)  Gelalint. 

(28)  Phlomgluein,  or  Cherry-Kooil  extract. 

(29)  Cane  lagaT. 
(SO)  Turpentine. 

Fbeseetimo  Fldtds. — The  best  ia  methylated  olcoh'l,  of  whicli  a  good  supply 
shoald  be  kept.  The  material  to  he  preserved  for  lutore  nork  sboald  be 
completely  covered.  For  tiork  in  aucleua  or  protoplasm,  alitiilute  aleahot 
must  be  used. 

SoFTENiNO. — Alcohol  material,  especially  if  old,  i«  often  brittle,  and  stems, 
etc,,  are  hard.    Sotteu  tor  2i  homs  in — 

(31)  Half-and-liatf  ghjceri'oe  and  meth.  alcohoL' 

HktfDKHisa. — Soft  tissues  oan  be  hardeued  for  cutting  by  3  days  in  methylated 

FiUNs  THE  Cbll-contbhtb. — For  studies  in  nuclei  or  protoplasm  it  is  necessary 
to  fis  the  cell.contents  of  the  material,  while  quite  ftesb,  without  allowing 
them  to  contract.  The  material  must  be  in  very  email  pieces,  so  as  lo  be 
rapidly  permeable,  and  the  fluid,  except  in  the  case  of  osmic  add,  must  be 
100  times  the  bulk  of  the  material.  The  best  fixing  flaids  are: — 
(19)     Abi(Aate  (or  at  least  90  per  cent.)  alcoliol. 

(32)  Chromic  acid,  0'5  per  cent. 

(32')  Ckromic  acid,  1  0  per  cent.,  or  cbrom-aeetie  acid,  I'O  per  cent. 

(33)  Osmic  acid,  1-0  per  cent. 

(34)  Picric  acid  (saturated  watery). 

In  chromic  acid,  chrom.acttic  acid,  or  picric  acid  of  the  above  strengths 
the  material  can  lie  for  21  hours ;  then  be  laid  in  distilled  water  for  any 
lime  up  to  21  hours.  If  not  required  for  use  at  once,  instead  of  this,  first 
wash  in  SO  per  cent,  alcohol,  then  transfer  to  70  per  cent.,  and  finally  1^ 
absolute  alcohol,  or  strong  methylated  spirit,  changing  this  after  2i  hours 
if  it  is  then  discoloured.    In  this  they  can  be  kept  for  use. 

Most  algM  are  best  fixed  in  picria  acid,  etc.,  mixed  with  an  eqnal  volume 
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ol  alcohol,  for  tbe  same  reason  that  alcohol  potash  iB  often  preCernble  to 
vrateij  potash  solution,  viz.,  to  avoid  undue  awelling  ot  the  walls. 
SEcnoH-CDTTiNa. — Varioas  hints  on  this  Bnbject  will  be  found  scattered  in  the 
teit ;  especially  lee  pp.  16  and  52.  For  other  reJewnceB  tte  "Sections  "  in 
the  General  Indei.  Wh«ra  the  material  to  be  cut  is  alcohol -material,  keep 
tbe  razor  and  sarfaoe  wet  with  alcohol ;  otherwise  use  water  or  glycerine. 
The  razors  are  best  hollow-ground ;  but  for  catting  wood  nse  a  razor  only 
slightly  hollowed.     Eeep  the  razors  sharp. 

Thin  objects  which  have  to  be  cut  can  be  placed  in  glycerine-gum,  be- 
tween pieces  of  elder-pith  or  smooth  cork ;  or  even,  if  moderately  hard, 
between  pieces  of  soft  wood,  such  as  poplar  or  lime-wood. 

Very  small  objects  may  be  embedded,  either  in  celloidin  oi  glycerine- 
gnm  (fee  these  headings  in  Indei),  For  very  minute  objects,  such  as 
pollen-grains,  gum  alone,  or  with  a  very  small  proportion  of  glycerine,  can 
be  used.  A  layer  of  strong  gum  is  placed  on  the  end  of  a  piece  of  elder- 
pitb,  and  when  set  nearly  firm  the  pollen-grains  dropped  on  it,  and  then 
another  drop  of  gum  placed  on  the  top. 

For  cutting  with  a  microtome,  $ee  p.  83, 

Sections  when  cut  may  be  lifted  from  the  razor  witli  a  camel-hair  brush. 
If  laid  on  Satly,  they  will  not  carl.  With  such  a  brush  a  section  can  like- 
wise be  turned  over.  See  p.  17. 
CLBiitiiio. — The  cell- contents  are  often  opaqne;  and  when  it  is  desired  especially 
to  sea  the  cell-walls,  as,  t.g.  in  growing-points,  the  preparation  must  be 
cleared.  Clearing  reagents  act  by  dissolving,  or  at  least  swelUng,  the  cell- 
contents.    Tbe  best  of  these  are — 

J2S)     Carbolic  acid. 

(12)     Potaih  (5  or  6  p.o.  watery). 

(12t)  Potash,  AlcolwUc. 

(11)    ^™„,D„£a. 

(35)     Chloral  hydrate. 

(30)     Eau  de  JasHU. 

After  treatment  with  chloral  hydrate,  watery  potash,  or  ammonia,  wash 
in  water;  after  alcohol  potash,  in  alcohol,  and  tben  mount  In  glycerine. 
Ean  de  Javelle  is  Epeciolly  used  for  alcohol  material.  For  method,  i  e 
p.  172.  After  treatment,  phtce  in  dilute  alcohoUo  glycerine,  and  allow  this 
slonly  to  concentrate. 

Sections  of  alcohol-material  which  have  been  stained  and  are  to  be 
mounted  in  Canada  balsam  or  dammar,  mast  be  cleared  in  another  way. 
First  place  them  for  a  minute  or  two  in  alcohol  of  the  strength  of  that  used 
tor  staining,  and  theu  into  absolute  alcohol  for  another  like  par2bd. 
Thence  transfer  to — 

(37)  OUofcloBti, 

(38)  Oil  of  marjorani,  or 

(30)  TiiT^enliae  and  creosote  (4  ;  1). 

Sections  stained  with  aniline  dyes  should  be  treated  as  above,  bat 
cleared  in — 

(40)  Oil  n/  cedar. 
Stainiho.— This  miay  be  done  in  a  watch-glass,  or.  tetter  still,  in  small  white 
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earthenwate  saucetB,  such  as  are  sold  with  cheap  paint-boxes,  could  tb(  ie 
be  obtained  of  laigec  size,  ea;  If  or  2  in.  in  diameter.  As  a  inle,  the 
beet  Btainiug  ie  obtaiDed  by  dilute  solutiocs  and  loDg  treatment.  The 
section  to  be  stained  mnsl  be  imm;ised  in  the  staining  fluid,  and  examined 
from  time  to  time  to  judge  progress. 

The  object  of  staining  is  to  show  up  (differentiate)  diTersities  ot  struc- 
ture, either  ot  the  plant  skeleton  or  ot  the  eell-contents,  each  stain ' 
particularizing  some  speoinl  feature. 

For  a  limited  list,  selected  from  those  in  Appendix  III.,  the  best  ace  : — 

(41)  Hojfmatin's  line. 

(42)  Acilic  aniline-STefn. 

(43)  Coratiin. 

(41)    fucluia  (Magenta)  in  SO  per  cent,  alcohol. 

(45)  Acelic  geniiana-violet. 

(46)  Methyl-vioUl  in  alcohol. 

(46*)  Metliyl-vioUt  in  mlphuric  acid. 

(47)  Safranin  in  alcohol. 

(These  are  all  aniline  dyes,  stain  rapidly,  and  the  preparations  fade  il 
kept  in  the  light.) 

(48)  Tliierich'$  barax-caTiaiite. 
(48*)  BeaU'i  carmine. 

(49)  Ballmer's  or  Grenacker's  logwood  (best  old). 

In  many  cases  two  stains  can  be  used  concurrently ;  saeh  are ; — 

(50)  Fiichfin  iodine-green. 

(51)  Ficiie  aniline-blot. 

(52)  Fierie  nigroaine. 

(53)  Itoaanilinc  vioUl, 
MonsTiNQ. — Preparations  can  be  mounted  in 

Glycerine. 

Olycerint-jelly. 

Soyer'n  laauniiag  Jluid  (for  aniline  preparations). 

mounting  Jluid  (tor  logwcod  and  carmine  preparotiooE), 

Acetate  of  potash. 

Canada  balsam  in  turpentine. 

Damiiiar. 

N'o  preparations  containing  water  or  glycerine  can  be  mounted  in  Canada 
balsam  or  dammar.  Watery  preparations  must  be  first  dehydrated  in 
alcohol ;  glycerine  preparations  first  soaked  for  some  tune  in  water,  and 
then  in  alcohol. 

For  mounting  in  glycerine  jelly  or  Hoyer'a  fluid,  water  or  alcohol  most 
previously  be  removed  by  laying  (or  some  time  in  glycerine.  Sre  alio 
p.  206. 

Preparations  iu  acetate  of  potash  retain  their  chlorophyll. 

GLOSDia. — Preparations  mounted  in  glycerine -jelly,  Hoyer's  fluid,  Canada 
balsam,  or  dammar  do  not  need  (nrther  closing.  In  all  these  coses  it  is 
however,  desirable  to  put  one  or  two  thin  layers  ot — 

Gold-size  with  a  fine  brash,  over  the  junction  ot  coTer-glass  and  object- 
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glssE.    This  mtut  Dot  be  done  till  tlie  monnting  flnid  hu  set  firm ;  and 
one  layer  of  gold-size  shoald  be  drj  befare  annther  is  added. 

Preparations  id  glj'ceriiie  should  be  hermetically  sealed  vitb  CaiiadB 
boUam  in  tarpentine,  laid  round  the  cover-glass  tbialy  with  a  thin  glasE, 
rod|  and,  when  dry,  topped  with  gold-size.    See  p.  92. 

Preparations  in  acetate  of  potash  should  be  closed  with  gold-sise. 
Ijibillibo.— Paper  labels  may  be  stuck  on  the  object-slides  with  pure  gum ; 

Card  labels,  on  the  otb«i  hand,  with  glati  cement,  such  m  Crystal  Palace 
cement,  coagulioe,  eto. 


The  following  is  a  still  more  restricted  list,  answering  nearly  all  practical 

purposes : — 

MiCBo-cHBHicAi.  BiAGEHTH. — lodlnc  in  chloral  hydrate.  Potassium>iodide  iodine, 
Chlorziuc  iodine,  Sulphuric  add  (cone).  Hydrochloric  acid  (cone),  Nitric 
acid  (strong).  Acetic  acid  (1  p.c),  CLromio  acid  (2s  p.c).  Ammonia  (strong). 
Potash  in  alcohol,  Fotaali  (cone),  Solpbate  of  copper  (crystals ),  Percbloride 
of  iron,  Eichromate  of  potash  (10  p.c).  Chlorate  of  potash  (crystals), 
Potasaio-sodic   tartrate,  Caustio   soda,  Ether,  Alcanna  tincture,  Carbolic 

PsKSBRviija  Flcid. — Methylated  alcohol. 

FniNO  AKD  HiBDENiHo  Floids. — Absolote  alcohol.  Picric  acid  (in  60  p.c,  meth. 

Cleibino  FLiiiDli.~-(Garbolic  acid,  Potash  in  alcohol,  Ammonia,)  Eau  de  Javelle, 
Oil  of  Cloves. 

Staihb Hofimann'a  blue.  Cotallin,  Acetic  gentiana-iiolet,  Thiersch's  borax- 
carmine.  Logwood,  Picric  aniline-blue, 

MomrnHO  Medii. — Glycerine,  Olycerine-jelly,  Acetate  of  potash,  Canada  balsam, 
Qold-size,  Gnm. 

Stints.  — Hoffmann's  bine,  Saffranin,  Acetic  gent iana. violet,  Thiersch's  borax- 
carmine,  Logwood,  Picric  aniline  blue,  magenta. 

MoDNTtsoMBMi.— Glycerine,  Gljcerine-ielly,  Acetate  of  potash,  Canada  balsam. 
Gold-size,  Gam. 


[_Notetopage  Wl.] 
a  Softening  dried  material  can  be  effected  by  means  of 
caustic  potash  in  5  parts  water,  to  which  51  parte  glycerii 
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Abbe'i    illominaling    apparatna,    i 

illuminating  apparatua. 
Abaciss  lajer,  77,  157.     ■ 
Acacia,  Pollen  o[.  320. 
Accessory  cells  (to  Etomftta),  G6. 
Acer,  Au  turn  Dsi  coloration  o',  i3. 
Acetic  acid.  Use  of,  20, 27,  IC,  77,  172, 
17(i. 

„   1  per  cent.,  3G0. 

„   2  per  cent.,  333. 

„   38  per  cent.,  49. 

„  and  Geutiaua  violet,  let  Gentiana 

„   and    Methyl -green,    i/e    Methyl- 

Achene,  3J3. 

Aconitum  Nnpdliii.  Structure  of  ovule, 

327  (Fig.  1071 . 
Acona  Calavtui,  Structure  of  root,  136 

(Fig.  64). 
Adonii  Jlotnmtut,    Colour   bodies    of 

flower,  42. 
JLcidiuai     BeTberidiii.     Structure     of 
bjmenium,  2G3 ;  BperniQgoneB, 
262  (Fig.  90*}. 
£cidium-cups,  2G3  (Fig.  90*). 
^aculiu,  158. 

jiHicului  Hippocaitanum,  Fall  of  leaves. 
157 ;    glandular    haira   of,    81 
(Fig.  38). 
Agapantbia   umbtUatui,  Development 

of  pollen  in,  316. 
Agar- Agar,  Use  of,  241. 
Agaricui  campfilri$,  Stmcture  of,  200 
(Fig.  74) ;   pita,  201 ;   basidio- 
Epores,  208  (Fig.  SI'). 
Agave.  Epidermis  and  atomata,  67. 
Ailantlna    glandatoaa.    Leaf-fall    in. 


Air,  Removal  from  tisaues,  41,  40,  70, 

261,  note  a,  333,  343. 
Air-babbles,  To  recogniae  under   the 

microscope,  8 ;  to  remove,  20. 
Air-chambers,  ot  leaf,  103  ;   of  Mar- 
1,  195. 


1, 171. 


Air-pores  of  Jfarc'uiniiri,  190  (Fig.  72). 
Air-pump,  Use  of,  41,  46,  70,  333, 313. 
Albumen,  w.  Endosperm. 
Albumen  crystals,  of  BerlholUlia,  26; 
of  CtadaphoTa,  201 ;  of  Riciniu, 
25  (Fig.  14).  [40. 

Albuminous  bodits,  Reactions  for,  19, 
Alburnum,  122. 

Alcanna  tincture,  Use  of,  20.  119. 
Alcohol,  Absolute,  Use  of,  20,  3S,  155, 
234,  285, 236,  302, 307, 318, 3211, 
306. 
„  eOpereent.,  119,370. 
„  60  per  cent.,  234. 
„  70  per  cent.,  865. 
„  82  per  cent.,  Use  of,  339. 
„  (Uetbylated).  39,  40,  55,  78,  82, 
83,  93,  105,  114,  118,  309.  340, 
343. 
„  Picric,  Use  of,  204,  208, 
Alcoholic  fermentation,  215. 
Alder,  tee  Almu  glutinota. 
Aleurone,  Beactiona  of,  18. 
Aleurone  grains  of  Benhatletia  excelia, 
26 ;     CapiHla    Bur/a-pastoris, 
339   (Fig   111) ;  Lvplma  albiu. 
24 ;  f  iium  lativvm,  18  (Fig  10) ; 
Iticiaut  eommunia,  25  (Fig.  14). 
Algae,  aa  conatitueDta  ot  Lichens,  202. 
„  Colonial,  219. 

„  Freah-water,  Cultivation  of,  208, 
„  Reproduction  of,  243. 
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Allima   Planlogo,   Structore  of  fruit, 

343  ;  of  embTTO,  345  (Fig.  112) ; 

of  eeed,  343. 
Alkanna  tincture.  Use  of,  26.  i:9. 
illinm   Cfpa,  Structure  of  toot,  138 

(Fig.  63). 
Aliim,  Twlga  of,  TanniD  in,  53. 
AloS  nigrieoTit,  epidermis  and  stomata, 

68  (Fig.  29) ;  structure  of  leaves, 


Ha,  cell  and  nuclear  div 


Aletra 

Alternation  oE  generations,  261. 
Alth/ea  rosta,  pollen  graiDB,  319. 
Alum,     Waterj     solution,     Use     of, 

205. 
Alom-earmine,  Use  of,  93. 
Amaniin.  266. 

Ammonia,  Use  of,  306,  3G5. 
An'ptlopsU  h'deracea,  Autumn  colora- 
tion of,  43. 
Amjlum  bodies,  lee  PjreLioida. 
Anabaiia  Aiolla,  210  (Fig.  60). 
^>ia;7fiZ(i(,  Pistil  of,  326. 
AnapLases  of  nuclear  division,  363. 
Anaptychia   ciliant,  Bpotbecia,  270; 

spermogonSB,    271    (Fig.    93) ; 

tiiaUuB,202. 
Anatropous  ovule,  328  (Figs.  108-111). 
Andrcecium  of  Augiosperms,  311 ;  of 

Gymnoaperma,  298. 
Aneimia    fraxini/olia,     structure     of 

epidermis,  69  (Fig.  30). 

QH,  definition  of,  298 ;   an- 

dtfecium,  311 ;  fruit,  347 ;  gjuEe- 


Aniline 


Use  of,   120.  130.  133, 
151,  370.   Sfe  also  Methyl-blue, 
nith  picric  acid,  lee  Picric  aniline 


Use 


blue. 

Aniline  green,  OOOl   per   cent. 

of,  19,  235.    See  alto  Metliyl- 
green. 

Aniline  oil,  sfe  Piienjlamine. 

Aniline  sulphate,  Use  of,  59. 

Annular  vessels,  85. 

Annulus,  283,  230. 

Anther,  311 ;  structure  and  develop- 
ment in  HeiatTocallii  fnlva, 
313  (Fig.  1031;  Liliuvi,  315; 
Tradtteantia  virginica,  316. 


Antheridium  of  Fiinaria  hi/gmmetrica, 

279  (Fig.  95*);  llarchantia 
polymorpha,  274  (Fig.  94) ; 
iliiiam  hornuai,  277 ;  Ferono- 
aporeas,  269;  Potypodiiini  vul- 
gan,  291  (Fig.  97) ;  Polgtrichum 
janipermum,  279 ;  Vauelieria 
leuilu,  253  (Fig.  88). 

Aatbeiozoida,  tee  Speriuatozoids. 
Anticlinal  cell-walls.  173. 
Antipodal  cells,  tte  Embryo-sso. 
Antirrhinum  tiiajirj,   coloured  cell-sap 

of  petals,  41. 
Apex,  ite  Growing  apex. 
Apical  cell  of  EqiUselum  arveiue,  176 

(Fig.  66  and  66*);  Melzgeria, 

198   (Fig.   73);   Purii  eretiea. 

188  (Fig.  71). 
Apical  meristam,  171  et  leq.  (Fig.  64, 

66). 
Apical    sinus    in    Slarchantia,    194; 

Mitigeria,  108. 
Apocarpous,  323,  343. 
Apophysis,  2S'i. 
Apothecia,  2  TO. 
Apple,  see  Pyrin  Malif. 
Arohegoniura  of  Fiinurin  hygromtlrica, 

280  (Fig.  95  B,  0) ;  MarchnTit'a 
polymorpha,  275  (Fig.  96); 
JUniiiin  boriatm,  280;  Pieea 
vv.lga.ria,  308  (Fig.  102);  Poly- 
podium  vMlgari,  293  (Fig.  98). 

Aril,  304,  346. 

irUlolocMa  Sipho,  structure  of  stem, 

101  (Fig.  46). 
Anowroot.  East  Indian,  11  (Fig.  6) ; 

"West  Indian.  11. 
Asci,  261,  269  (Fig.  92),  270. 
Aacomycetes,  261,  269  (Fig.  92). 
AscoEpores,  tee  Spores. 
Asb,  see  Fraxinia  excelttor. 
Aipidiiim  Filix-mas,  sporangia,  289. 
Assimilating  cells,  167. 
Auricula,  see  Primula. 
Auttecious  parasites,  264. 
Autumn  tints,  43. 
AvcTia  lativa,  Pncciaia  on  265 ;  Starch 

grains,   12    (Fig.    i);   vascular 

bundles,  93. 
Aialea,  Pollen  of,  320. 
Aiotla,  216. 
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Bacillariaces,  210. 

Bacillm  aibtilis,  238  (Fig.  85). 

Baeillua  tuberctilaaii,  231 ;  permanent 
prepuTBtioiiB,  234;  Btainin);,  234. 

B(kcteria.(ries.  64,85)221;  cell-cDDteDts, 
231:cilia,  223;  cocoas- forni.222; 
culture,  236  {tte  alM  Culture- 
niethodB);det8lopmentaI  forms, 
233;  diiiBioa  of,  238;  geimi- 
nation,  239 ;  mycopi'ol:ein,2S2  ; 
nomenclB.tnre,  233 ;  poiFer  of 
resiBtiiig  higli  temperatnces, 
237 ;  Bpore  tonnation ,  223, 
239;  surface  film  (pellicle).  221, 
238,  240;  swarming,  223,240; 
zooglosa  stage,  222. 
„  iDvestigation  in  inleriortlf  tissues, 
235;  material,  to  obtain,  221, 
231. 
„  ot  Lay,  lee  Baeilhu  tubtilU; 
of  small-poi  (Vaccine)  l;inpli, 

teeth,  see  LeptothHx  buccalU ; 

of    tnberculosis,   let    Baeillua 

tubeTCulo$ls, 
„  Permanent  preparations.  230. 
„   Staining,    222,    229,    234,    235; 

donble-slaining,  233. 
Baeteriaia  Terjao.  240. 
Saker'«  microscopes,  iv. 
Barberrj,  tee  Berberii  vuhiarit. 
Bartoed'a  sugar-reaction,  40. 
Bark,  Structure  of,  156. 
Barley,  tee  Hnrdeum  viilgare. 
Basidia.    ^cidium,    263  (Fig.    90') : 

FenieilUum,     260     (Fig.    90) ; 

Ruitula,  267  (Fig.  91). 
!e  Spores. 
Bast,  structure  in  Zea  J/Vii'i,  66.     See 

alto  Vascular  bundles. 
„  Secondary,  in  Ariitoiochia,  111. 
Bast-slieath,  of  Pterin,  147  (Fig.  67). 
Beale's  Carmine,  tee  Carmine. 
Bean  flonr,  Staroh  of,  10  (Fig.  4). 
Beck's  misoroscopes,  lir. 
Beech,  eee  Fagua  tyleatica. 
Beet-root,  tee  Beta  vulgarit, 
Beggialoa  alba,  231. 
Begonia.  Gollencbyma  in  petiole.  106 

(Fig.  45—). 
Bell-jars  (Beceivera),  ixiii. 


Berberit  t 

(Fig.fi 


,   Pucdnia   i 


,   2o2 


Bertholietia  excelaa,  albumen  crystals 

(crystalloids),  2S. 
Beta  vnljaiia,  structure  of  root,  45  ; 

sugar  in  the  root,  49. 
BezD,  Hausser  &  Co.'s  uiioroscopea. 

Bilateral,  lee  Dorsi- ventral. 
Bismarck  brown.  Use  of,  229. 
Blood-aeruui,  Use  of,  241. 
Bog-mosses,  lee  Spliagniim. 
Borax-carmine,  Use  of,  18,  93. 
„   Orenaoher's,  206. 
„   Thiersch's,  205. 
Bordered  pits,  55  (Fig.  26),  91,  110. 

Seealae  Pita,  Closing  Membrane, 

Torus. 
„  Development,  117  (Fig.  47). 
BolTycUam,  Cork  in,  192. 
Bracken  fern,  ate  Fteria  aquilina. 
Brazil  nut,  tee  BerlhoUeUa  exeelsa. 
Bronnian  movement,  13,  42,  44- 
BueJitborii,«fe  lihavtma  Franguia. 
Bulbils,  lei  Oemmx. 
Bundle-sheath  in  Aimm,  136  (Fig.  53); 

Jeorui.  139  (Fig.  54);  Iria,  139 

(Fig.  Sd)  ;  Taxiii.  141  (Fig.  56). 

See  alio  Endodermis. 
B-ulomui  vmbellatxu,  ovary,  324. 

Cabinets  lor  microscope  slides,  xiiii. 

Calcium    carbonate,    lee    Lime,   Car- 
bonate of. 
„   oxalate,  tee  Lime,  Oxalate  ol. 
„  phosphate,  tee  Lime.  Phosphate 

of. 
„  snlpbate,  tee  Lime,  Sulphate  of. 

CaUiina  vulgaria,  pollen,  320. 

Callus,  lee  Sieve-tubes. 

Calyptra,  282  (Fig.  95  c,  n). 

Calyptrogen,  185  et  leq.  (Pig.  69). 

Cambium,  97  (Fig. 44),  101;  interfasd- 
eular.  108.  Sei  alio  Thickness. 
Increase  of ;  Vascular  bundles, 
etc.  (Figs.  44,  45,  48, 47,  50  "). 

Camera  Incida  of  Abbe,  30  (Fig.  16); 
Zeiss,  31  (Fig.  2);  Wollaston, 
33;Beale,  33,   See  alio  DxaviiDg. 

Camphor,  Use  of,  308. 

Campylotropous  ovule,  343. 
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Canada  Balssm,  Dse  of,  92.  230,  3GG. 
,.  in  beuzole.  Ubb  of,  92. 
„  in  chloroform,  Use  of,  92,  230, 


I  turpentiu 


,   Use   ot,  92,  230, 


„  iniylol,  TlBfo(,23G. 

Canal,  cariuul,  180;  valleoular,  180. 

Canal-cell,  of  ilarcliantia,  275  (Fig. 
95) ;   of  PolypKdiunt,  29*  {Fig. 
98). 
„   Ventral,  of  ilarcliantia,  275. 

Cftpillai-j  apparatus  o[  Sphagnum,  193. 

CapieUa  Suna-paitorii.  Structure 
and  development  of  embi^oand 
seed,  338  (Fig.  Ill) ;  structure 
of  testa,  339  (Fig.  111). 

CapsDle  of  M09S.  280  (Fig.  95  c,  d,  e). 

Carbolic  acid,  Use  of,  309,  319,  320, 
343. 

Carbon  bisulphide,  Dse  of,  232. 

Carmine,  Alum,  Use  of,  92. 
„  AminonLo-acetic,  Use  ot.  92,  103. 
„   Beale's,  Dse  of,  20S. 
„  Borax,  lee  Borax-carmine. 
„  Picric,  >ee  Picric -oatmina. 

CarpelUry  leaf.  306,  323. 

Carrot,  lee  Dnuciu  caroli. 

Caryopsia,  346  a. 

Caaliele,  310. 

Canlioe  bundles,  171. 

Cedar,  Oil  of.  Use  of,  230, 

Celaodine,  ice  ChtHdoiaum  mnju*. 

Cell-division,  356;  in  Cladophnra 
glomerata,  368 ;  anthers  ot 
Fri'iilaria  ptriica,  360 ;  ot 
Selleborus  falidui,  367;  of 
Trad^icantia  virginica,  356. 

Cell  division,  anticlinal  Tails,  173 ; 
periclinal,  173  ;  oblique,  191 ; 
rectangular,  173. 

Celloidiu  (Collodion),  Use  of,  329. 

Cell.plate.  359{Fig,  lUf,). 

Cells,  Multinnclear,  aee  Nucleus. 

Cell'Sap,  29 ;  blue,  12  ;  purple,  41  ; 
red.  40,  41,  42,  43,  C5 ;  violet, 
74;  yellow,  41. 

Cellulose,  Beactions  of,  47. 

„  Fangal    cellulose,    Reactions  of, 

202, 263.  [270. 

„  Starcb -cellulose,    Beactions    of, 


Cell-wall,  Structure  ot  in  endosperm 
ot  Dale,  64 ;   seed  of  Omitlio- 
galam  uiabellatam,  5S;  in  Pin- 
nularia    viridii,    213 ;     Pintu 
iijluritrh,  57. 
„   Middle-lameUa,  54,58.  140,  155; 
lamination,  53;    striation,   60, 
53. 
„    Thickening,  47  ;  ptls.  64. 
„   Culicularizednndsuberized.stmc- 
ture,  153  ;  reactions,  68,  65,  68. 
„   Ligoified.  reactions  of,  59,  119. 

Cement  (Glass),  24. 

Central  cell,  of  irarchantia,  275 ; 
Mnium,  2S0  ;  Polypodiiim.  291. 

Ceraloplrrie  tbalicti  aides,  germination 
of  Bporoo,  290, 

Ceric  acid,  Beactions  for,  155. 

GlialocladiHmJoneiii,  2S6«. 

Chalaza,  328  (Fig.  107). 

Chamber.  Moist,  ite  Moist  Chamber, 

Chara,  Frotoplasmio  movement  in.  £7; 
structure  of,  202  /;  reproduo- 
Uon,254i;  (Fig,  87"), 

Chiiranthus  Cheiri,  hairs,  72  (Fig.  32), 

Cluiidoniara  vtajus,  Vascular  bundle 
of,  102 ;  latex  vessels  of,  103. 

Cherry,  Structore  ot  fruit,  348. 

Cherry-wood.  Extract  of,  Use  of,  69. 

Chloral  hydrate,  Use  of.  39,319.  320. 

Cliiorococcut    hHmicola'ia  =  Cyittitocctts 

Chloroform,  Use  ot,  26.         [kwaicoli. 

Chlorophyllon  reaction.  204. 

Chlorophyll-bauds.  208. 

Chlorophyll -bodies,  3S  ;  in  FuiuiTia 
liijgrometrica,  38  (Fig  17) : 
division  of,  38;  function  of, 
167:  starchin,  39(Fig.  17). 

Chloropbyll-corpuscles,  ite  Chloro- 
phyll bodies.  [bodies. 

Chlorophyll-grains,    lee    Chlorophyll- 

Cblorophyll-  vesicles  (Amylum  bodies), 
Ite  Fyrenoids, 

Ghloroplasts,  ste  Chlorophyll- bodies. 

Chlorzine  Iodine.  Use  of,  46,  48, 60, 
63.  64,  66,  67,  58,  68,  84.  87. 
110,  119,  122,  424,  128J),  155, 
202,  237.  [20S. 

Chrom-acetic  acid,  1  per  cent..  Use  ot. 

CbromatopKores,  lee  Colour -bodies, 
Chlorophyll-bodies. 
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Cbramia  acid,  Use  of,  70,  213. 

,.   0-B  pec  cent ,  Use  of,  233. 
„   I'O  per  cent.,  Dse  of,  37,  204. 
„   20  per  cent..  Use  of,  213. 
•'  25  per  cent.,  Use  of,  318,  320b. 
„   Coticentrateil,  Use  of,  S9, 155,213. 
CbromoplastB  —  ChromntopbOFet. 
ChroOcoccaceie,  218. 
Cilia,   218,   293,  240.  230,  251,  254, 
293  (Figs.  S6,  87,  89,  94,  95  i., 
87). 
„   of  Lichens,  202. 
„    of  MosEes,  283  (Fig.  95  k). 
Citrut   mlgarii  {G.  Aarantium),  ad- 
ventitious   embryos,   354;    de- 
velopment of  fruit,  353 ;  strnc- 
tote  ol  frnit,  350. 
Ciadophora  glomerala,  203  (Fig.  75) ; 
ceU-divisian  in,  368  ;  chromato- 


203 ;     nucleu 


204; 


pjrenoida,  203  ;  swarm -spores, 

248  [Fig.  SG). 
ClftdophorefB,  203. 
Cleariug  sections,  172. 
CleiatocarpouB,  261. 
Clips  on  microscope  sta$!e,  'J. 
Closing  membraae,  >ee  Pits. 
CloilHdiufii  inlyi-icum,  323. 
Cloves,  Oil  of.  Use  of,  235.  3G6. 
Club- mosses,  ite  Lycopodiuiii. 
Gluster.cnp,  $ce  Mcidiwn. 
Collateral  vascular  bundles,  86,  180. 
Collecting  cells,  167. 
Collamacete,  271. 
CoUendiymn,  106  (Fig.  45"*),   163, 

164. 105. 
Colleters  (glandular  haii-s),  78. 
Collins'  microscopes,  z.v. 
Colonial  algie,  219. 
Colour-bodies,   in    flower   of   AianU 

fiammevi,   42;   of  Delphinium, 

42  ;  of  Pansy,  74  ;  of  Tropaolam 

vu'jut,  40  (Fig.  18). 
„   in   root   of    Daucm    Carota,  43 

(Fig.  20). 
Colotoella,   of    ilucor.   255 ;    MniJim, 

283  (Fig.  95  n) ;  in  the  cells  of 

tbe  t«eta  of  see  Js,  340  (Fig.  111). 
Companion-cells,   117,  14G.    Ste  also 

Sieve-tubes. 
Condenser,  icc  lUuminatlug  apparatus. 
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Conducting  tissue,  167,  168,  190. 

Cone  ol  Gymnosperms,  304 ;  mor- 
phology ol,  in  Piaui.  305. 

Conidia,  315.     See  alio  Oonidia. 

Conidiophore  ol  Miicar.  255. 

Conilerffi,  298, 806. 

Conjugatie,  247. 

Conjugation  in  Spirogyra,  246 ;  In 
Ctailophora,  350. 

Connective,  811. 

Copper,  acetate,  Use  of,  49,  COa. 
„  ammonoiide.  Use  of,  53. 
„  aulpliate.  Use  of,  48. 

Corallin  (in  30  per  cent,  carbonate  of 
soda  solution).  Use  oi,  89,  98, 
99, 100, 105, 119, 124, 128ft, 115. 

Cord^line  rubra,  see  Dractc-ia  rubra. 

Cork  (bottle)  for  cutting  sections,  52, 
243,  246. 

Cork- cambium,  153. 

Cork,  Stmcture  and  development  of, 
in  Cytiiai  Laburaum.  155  ;  in 
Dracana,  98  (Fig.  44) ;  Quercm 
Suber,  156  ;  Itibea  rubram,  156 ; 
flo-'Q,  76  ;  Sambucui  nigra,  152 
(Fig.  59). 
„  in  Cryptogamia,  192. 
„  Eeaetious  of,  155 ;  staining  ol, 
153;  structure  ol  cell-walls. 
153. 

Corpuscula,  Homology  with  Arcbe- 
gonia,  ."(OS.  [Chara.  203C. 

Cortex,  104,  174  ;  Secondary,  109  ;  in 

Cotyledons,  309,  310  (Fig  103),  338 
(Fig  111),  342  (Fig.  112). 

Cover. glasses,  iiii. 

Cowslip,  lee  Primula. 

Crouch's  microscopes,  iv. 

Crown  Imperial,  »ee  FTililtaria  ini- 
periatii. 

Cryptogams,  Vascular,  Reproduction 
of,  287. 

Crystalloids,  tec  Albumen  crystals. 

Crystal  Palace  cement.  Use  of,  24. 

Crystals,  46,  31,  77,  96  (Fig.  43),  98, 
117, 165,  201. 

CtKurbita  Ptpo,  Vascular  bundles  of, 
130  (Fig.  52);  movement  ol 
protoplasm  in  hairs  of  young 
shoots,  36 ;  pollen  grains  of, 
SSOii  (Fig.  104  B). 
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Cultuie  method!  for  Bacteria,    236. 

210  i  in  Agat-Agat,  211 ;  blood- 
senim,  242;  gelatine,  211. 
Culture  methods  lor  B«cteria,  Appar- 
atus for,  213,  244;  cnttuie 
chamber,  2J3 ;  dilution,  211; 
fractional,  211 ;  tram  bay,  23C; 
from  lettuce,  221 ;  moist- 
chamber,  236;  on  object-slide, 
213 ;  Bterilizatiou  of  oultuie 
fluids,  240. 
Culture  methods  for  fera  spores,  290, 
S9S,  29Ta. 

„  [or  freah-vater  aigffi,  208. 

„  for  Uucor  in  plum  juice,  25S. 

„     „        „    on  slide,  256. 

„  for  Pollen  grains,  320. 

Cuproiide  ammonia,  Me  Copper,  Am- 

Capv\esolMareluinlia,  272  (Fig.flS'a). 
Curcuma  Uacorrhiia,  Starch  grains  ot, 

11  (Fig.  5). 
Cushion  of  Fern  prothallas,  291. 
Cuticle,  Reactions,  65,68,  SrtoijoCu tin. 
Cutin,  Reactions,  58.  See  also  Cuticle, 
Cystidia  of  Euuula,  268  (Fi^.  91). 
Ci/stococcai  humicoUi,  202. 
Cytitui    LaburiOim,     slruclure     and 

development  ot  Cork,  155. 

Dahlia  variahilU,  structure  of  tuber, 
50  (Fig.  23)  ;  Inuline  in,  Bl 
(Fig.  24). 

Dammar  (Gum),  Use  ot,  365. 

Darton  &  Co. 'a  microscopes,  zv. 

Date,  lee  Phanix  dacti/lifcra. 

Daucu$  Carata,  Colour-bodies  ia  root, 
43  (Fig.  20). 

Decussate  (leaves),  1T4. 


Debisi 


/>«lpftiniuinJjacw,OTary,322(Fig.lOG). 
Dilphininm  contoHda,  Piati]  of,  322  ; 

coloured   cell-aap,  and  colour- 

crystals  in  flower,  42, 11. 
Dermatogen,  173  (Fig.  64),  183  et  seq. 

(Fig.  69). 
Diamond-fuchsin     iodine-green,     tee 

Fachain  iodine-green . 
Diaphragm,  1 ;  Use  ot,3',  Iria,  227. 
„  in  stem  ot  Hippurii  valgarit,  171. 


Diarch  (rasoulai'  bandies  ot  roots),  141, 

188. 
Diatomaces,  210  (Fig.  77). 
Diatoms,  To  prepare  skeletons  ot,213. 
Dicotjledons,  Vascular  bundlesof,  100 

et  itq. 
„   Root  of,  110. 
jyictamma  FraxltuUa,  Derelopment  of 

oil. glands  in,  163  (Pig.  62*). 
Digestive  glands  ot  Drotera,  79  (Pigs. 

37,  37*). 
Dimorphism,  325. 
Dipbenj'lamine,  Use  of,  19. 
Dissecting  micioacope,  ix.,  21  {Figs. 

12,  13). 
Diaaection  under  microscope,  23. 
Dittanj,  tee  Dietaiamia  Fraxintila. 
Dorsi-ventralitj  of  Marchantia,  191 ; 

of  Lichens,  202  ;  ot  Selaffiitflla, 

206. 
Draeiena  rubra.  Structure  ot  stem,  W 

(Fig.  11). 
Drawing  desk,  31. 
Drawing  prism.  Use  of,  80  ;   Abbe's, 

iii.,   30   (Fig.   16) ;    with   two 

prisms,  Mi.,  31  (Fig.  3), 
DroKra  rotuTidifolia,  digestive  glands 

ot,  79  (Figs.  37,  37  *). 
Dmpe,  Structure  ot  in  Pruniu,  348. 
Drying  frame,  iiiii.  (FJg,  I). 
Duramen,  122. 
Dust,  Bemoval  from  preparations,  20. 

Eau  de  Javelle,  Use  of,  172, 177, 184. 

Echeveria,  Wax  upon.  81. 

Ectoplasm,  37. 

Egg  .apparatus,  tee  Embryo- sac 

Egg,  White  of.  Use  of,  308. 

EJaters.  277. 

Elder,  tee  Samiucm  nigra. 

Elder.pith,iiiii. ;  Uaeof,  63, 170,  203, 

260,  267,  262,  287. 
„  To  obtain,  63.  [76. 

Eteagnusanguatifolia.  Scales  upon  leaf, 
Electric  light,  Use  of,  229. 
Embedding  tor  section    cutting,    tee 

Sections. 
Embryo,  Stmctnre  and  development  in 

Aliama  Planlago,  342  ;  Captelta 

Suna-pailorU,  338  (Fig.  Ill); 

Pieiawlgara,  809  [Fig.  103). 
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Emlirjo,  Adventitious,  in  Citrut,  354. 

„  Cotyledons,  33B  ;  hjpocotjl,  339  ; 

plumule,  339  ;  radicle,  339. 

Embrjooic    veeicls,  tee    Emliryo-sao, 

Embryo-nucleua,  332  [Oospliere. 

£mbi70-iaa.  Structure  and  develop- 
ment in  Capiella  BuTia-pastorii, 
341;  Gioiinia,  334;  JUoiwtropa 
Hi/popitDf,  330  (Fig.  108) ;  Or- 
chiden,  333  (Fig.  109);  Piceavui- 
garU,  308  (Fig.  lOZ,  103  a.  b,  c)  ; 
eyT0la.%3(i,  ■raxtisbficeala,3<H; 
Turenia  Asiatiea,  334  (Fig.  110). 
„  Antipodal  cells,  328.  332;  Egg- 
npparntuB,  331 ;  filiform  appa- 
ratus. 336 ;  oospbeie  (germiala 
vesicle,  embrj'ouic  vesicle),  328 ; 
syneigidlB,  304. 
„  Homology  with  maciospoie,  304. 

Emergence,  82a.  note  b, 

Encloeing  (or  mounting)  fluid,  Hoyer's, 
2ti6.  See  Glycerine,  Glycerine- 
jelly,  Canada  balsam.  Dumnar, 
Acetate  of  potash. 

Endocarp,  344. 

Endocbrome  plates,  of  Piiimilaria  ciri- 
rfii,212. 

EudodenniB,  Structure  in  root  of 
Acoivs  CuUtmus,  139  (Fig.  54); 
Allium  Cepa,  136  (Fig.  53); 
lr\$  fiorenlina,  139  (Fig.  55); 
FUni,  147  (Fig.  67);  laxm. 
141  {Fig.  52).  See  alto  pp  318. 
e(  itq..  and  Bnndle  Sbeath. 
„   Outer,  138. 

Endoplaam,  54. 

Endosperm,  306,  308,  309.     Develop- 
ment in  ilonorrcpa  Hypopityt, 
332  (Fig.  103|. 
„   Homology  witb  Ftothallus,  306. 

Epicarp,  344. 

Epidermis,  Stractorein  .J /o^Ttiflricmw, 
fi7  (Fig.  20);  Iris  fitwenlwa,  61 
(Fig.  27);  Ruia  gravealeat,  160 
(Fig.  61) ;  Tradescantia,  6a  (Fig, 
28). 
„   Function  of.  64,  I J8. 

Epidermoid  layer,  I3E. 

Epilobinm,  Pollen  grh  ns  of,  319. 

EpipactU  paliutrit.  Pijtil  of,  32B. 

EpipUsm,  of  MoTchelia,  209. 
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Epitheliam,  S16a. 

EquUetutn  arveiue,  apical  cell.  17G 
(Fig.  66  and  66");  structure 
of  stem,  ISO;  vaaculal' bundles, 
180  (Fig.  68). 

Ereoting  eyepiece,  ii  ,,23. 

Erica,  Pollen  of,  320.    "  [flowers,  327. 

Eichaclioltxia,  morphological  value  ol 

Etierio.  343. 

Ether,  Use  of,  155,  329. 

Eucalyptus  globulai,  Wai  layer,  81. 

Euonsmut  japoiticui,  developmeut  ol 
apsi,  174(Fig.'66). 

EupJiarhia  lielioicapia.  Btarc'i  grains, 

12  (Pig    8);  latel,  12;  aphffiro- 
crjstala,  60,  note  b. 

Euphorbia    epUndem,    starch  grains, 

13  (Fig.  9) ;  latei,  13. 
Everlasting  pea,  tee  Latkyrai. 
Extiue.  304,  312. 
Eyepiece,  Erecting,  xz,,  23. 

Fa^iui^lDaticn,  Btiactnreof  leaves,  161 
(Fig.  63). 

Fallof  leaves,157.  [Useof,  48. 

Febling's  salution,  Preparatiou  of,  43 ; 

Fermentation,  Alcoholic,  216. 

Fern,  Bart's  tongue, see  SeoJnptiidriiim 
vulgart. 
„   Male,  tee  Aipidium  Filix-mai. 
„   Polypody,  aec  Polyp^dium  va!gare. 
„   See  also  Atuimia/raxiaifolia. 

Fern  s,Beproduction  ,287;  structure,  145. 

Fertilization,    Conifers,    306;    Ferns, 
296',  Slarcliaatia,  276;  Mossest 
280  ;  llonolroiia,  333  ;  Torenia, 
334  (Fig.  110). 
„   Terminology  of,  263. 

Fibres,  129  (Fig.  61). 

Fibrous  layer  (of  anther),  314  (Fig. 
101).    SfeMesothecium. 

Fibro. vascular  (ebro-vasal)  bundles, 
or  strings,  see  Vascular  bmidles. 

Filameut,  311,316. 

Filiform  apparatus,  336  (Fig.  110). 

Fir,  Scotch,  «e  Pinui  lyloestrii. 

Fiiiug  cell-contents,  204  ;  with  abso- 
lute alcohol,  3G4 ;  chrom-acetio 
acid,  205  ;  ohromio  acid,  204  ; 
picric  acid,  305.  See  al»a  NU' 
cleuB,  Nnclear  division. 
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Flog,  SiTMt,  tee  Accrai  CaUrnnu. 

Float,  Undulating.  293. 

Flower  ot  Pi>iu$  lylveitrii,  296  {Fine. 
99,  101) ;  rozM  baeeata,  301 
(Fig.  100). 

t'ontiualii  anlipyretica,  Ferutome,  2&5 
(Fig.  96  ■).  [Tiolet. 

Fonnio  gentWDB-violBt,  tee  Oectiana. 

Formic  methyl-greeD.ace  Methyl-gi'een. 

FiaxlHiu  excehioT,  Leaf  fall,  159. 

Friiillaria  imperialia.  Pollen  of,  318. 

■FritWaria  periica.  Cell  and  aacleor 
diTision,  960  (Fig.  lU). 

Frog-bit,  lee  Hydroeharii. 

Frnit,  Development  in  Ciiriu  valgana, 

{C.  Aarantinm),  S52. 

„  BtinctareiaJliimaPlantago.S^; 

Citrta  vulgaris,  362  ;  Piuttiu  do- 

mrHiea. 341;  Pynu Mal'ii,SiS. 

Frustule,  210  (Fig.  77}. 

Fuclisia,  Folleu  graiaa  ot,  319. 

Fucbsin  (Uageuta),Useof,S39;  prepU' 

Fnchsiiiiodine-gteen.aeS.  [ration, 236. 

Fucui  veiiailoiiui.  Structure  of  tlial- 
Ins,  203  a;  sterile  conceptacles, 
202d;  reproduction.  251e  (Fig. 
87').  [(Fig.  87-). 

Fiuut  plalgcarpiu,  reprodnction,  2G1 

Fanaria  liygiometrica,  Antheridia,  279 
(Fig.  95  a)  ;  Archegonia,  280 
(Fig.  95  B,c) ;  ChlorophyU-bodiea 
of,  38  (Fig.  17);  protanema, 
191  (Fig.  71');  Bporagone. 


B). 
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Fondamental  tiBsoe  (Orouud  t 
Fangi,  Vegetative  structuifl  of,  200  et 

teq.  (Fig.  li) ;  ceprodnctiou  of, 

265  «t  trq.,  262  et  teq. 
Punlciilos,  328  (Fig.  107).  [316. 

Faiik,a  ovatix,  Follen  development  in, 

G&Uapple,  Structure  of,  51 ;  Tanniu 
Oametes,  ot  Cladophora,  260.     [iu,  52. 
Oas'chamber,  214. 
Oeiatiue,  Use  of,  321. 

„  and  gtyceriue,  ite  Ql;cerine-jell;. 
GeiumiE,  of  Marchantia,  194, 272  (Fig. 
93'b). 


Qentiaiu- violet,  acetic,  3C1. 
„  in  aniUne  waler,  233. 
„  toimic,  361. 
Oenuinsl  apparstne,  tee  Embryo-sao 

Egg-apparatiia. 
OemuDal     veeicle,    tee    Qmbryo-aac 

Oogphere. 
Oermination  ot  wbeat,  346ii. 
Ginkgo  bilaba.  Bee  Saiiiburia  adianli- 

folia. 
Glnndg  (oil)  of  Rula  graveoUm,   160 

(Fig9.  61,  C2) ;    development  of 

in  Diclamiias    Fraxiiulla,    163 

(Fig.  62-). 
Qlandular  hairs  of  Msealiu  Hippoaai- 

(a.iuiM,  81  (Fig.  38)  ;  Atpidiam 

Filix-mai,  2Si;  Matthiala.  75; 

PHtanla,  78;  Ruinex  <palientitt, 

79   (Fig.   36) ;     Viola    Iricolor. 

B2  a  (Fig.  36  a). 
GlasB  beLI-jai'B,  iiiii. 
„  diake.tocoverTatch-glaases.ixiii. 

Gleoen'psa  ealdariaram,  218. 

„  palydermatica,  218  (Fig,  82), 
Globoids  ID  Berthalletia  excelia,  27 ; 

Riciwit,  25  (Fig.  U). 
aioxlnia  hybrida,  Etnbryo-sac  of,  334. 
Glacoae,  Keootiona  of,  48. 
Glyceiine,  Use  ol,  16.   17,  34,  55,  93, 
lis.  119,  133,  172,    177,   206, 


232,  ; 


B,  370. 


„  and  alcohol,  56,  116,  302.       [342. 
;,  Clearing  tiaaue  by  beating  in.  232, 
„  Dehydrating  by,  289. 
Glycerine  gam,  Use  ot,  193,  338. 

jelly.  Use  of,  20,92, 206, 329. 
Glycogen,  Reactions  ot,  3S9. 
Gold-9ize,  Use  of,  92,  366. 
Ganidia,  of  Anaptyehia  cUiatit,   202, 
270;  ot  Liobeos,  303;  ol  Pby- 
tophtfiora,  257  (Pig.  89). 
Oonidiopbores,  ol  Mucor,  255  ;  Peui- 
eUUatit,   260   (Fig.   90);    Phy 
tophthora,  256  (Fig.  89). 
Growing   apex,    iu  stems   of  Augio- 
sperms,     173;    ot    Ejuuelum 
arcenie,    176    (Figs.    66,    66,* 
67) ;  Eumiynivt  japonieai,   174 
(Fig.  66) ;  Oymnosperms,  173; 
Hippuritealgarii,  170  (Fig.  64). 


Orowing  apex,  in  roots  of  Bordeioa 

vulgare,   183   (Fig.    69);    Purii 
CTttica,   188   (Fig.   71) ;   Thuja 
oeeidttttalia,  las  (Fig.  70). 
„  in  tholltlg  ot  Metigeria  /areata, 
198. 


„   TocatsectiouB,  170, 171;  tomake 

tiau^arent,  172.  177. 
„   Methods   of   investigation,    170, 

177. 
„  Segmentation  o/,  Calyptrogni, 
183;  cortex,  171',  dermab^en, 
173 ;  bietogena,  173 ;  initials, 
173 ;  periblem,  173 ;  peri- 
blemio  oolumn,  187 ;  pith,  174 ; 
plerome,  173 ;  ptocambiam,  174. 

Growing  point,  see  Growing  apex. 

Ground  tissne  (Fundameutsl  tissue), 
83. 

Guaril-cells,  61.     See  also  Stomata. 

Gum,  81 :    reactions  for,  99 ;    reser- 
voirs in  Tilia,  125. 
„   Use  of,  293. 

Oymaoctiidui     canadeniU,     Leaf-fall. 
169. 

0;mnosterma,  Definition  ol,  208;  re- 
proUuctioD,  298 ;  root-cap,  133. 

G;Disoiam,     ot    Angiosperms,    322; 
GjnmoBpenus,  302. 

Hadrome,  86.  [paratlon  ol,  205. 

Efeuiatin-Ammonia,  Use  of,  205;  pre- 
Hamatocnecw  pliwialii,  220,  note  a. 
Btamaloijlin,  Use  ol,  26,  222,   2fiO, 
318,  329,  3B6. 
,    B5hiner'B,  Use  of,  205,  365. 
,   Grenacber's,  Use  cf,  205.  365. 
Ban,    Slructnre  ol,   in  Cheiranthu' 
Cheiri,  73  (Fig.  32) ;  Matthiola 
annaa,  73{Fig.  32);  Verbaicum 
niffruiB,  74;  K.  Ifcapii/oime,  75; 
Viola  tHcotoi;  74  (Fig.  33). 
„  Bristles,  of  Vrtica  dioica,  77. 
„  Glands,  ot  Droiera  Totundifolin, 
79 ;  Primula  lituiuii,  78.    See 
alto  Glandnlar  hairs. 
„  Horsehair,  Use  of,  3S6. 
„  Honian,  Uae  of,  306. 


HauB,  Movement  of  protoplasm,  in  Hy- 

droeharit,  SB;  in  Tradeicantia, 

2S. 
„  Prickles,  ol  Boia  76. 
„   Scales  of  Eleagnia  angatti/Blia. 

76;  Shepherdia  caaadtmii.  75 

(Fig.  34). 
„   Stinging,  of  PrMca  dioica,  77  (Fig. 

35)- 
Hand-vioe,  iiiii. ;  use  of,  17,  53. 
Hart's  tongue  feni,  >ee  Scnlopendrium. 
Hanstoria,  of  Fhytophthoni,  257. 
Hedera  helix,   Besin   canals  in,   123 

(Fig.  50'). 
Hellebore,  ite  Helleborui. 
Helltbonu   fatidiu,    pollen-oell    and 

nadear  division,  307  (Fig.  115) ; 

pistil,  324. 
Hellebonu  niger,  pistil,  324. 
HemerocaUit   fiUva,     Strocture    and 

development    ol    anther,    311 

(Fig.  104);  pistU,  324;  pollen, 

312  (Fig.  104). 
Hen's  Egg  Albumen,  Use  of,  308. 
Heterocyst,  216. 
Helenecioos  (parasites),  264. 
Heteromerons    (thallns  ol   LiebeuB), 

302. 
Hippurii  vutgarit.  Growing  apex  o{ 

170  (Fig.  64). 
Histogen,  Histogenic  layer,  173. 
Hollyhock,  lee  Altkaa  rosea. 
HomoiomeronB  (thallus  of  Lichens), 

203- 
Hordeam  vulgari:.   Growing   apei    of 

toot,  183  (Fig.  CO). 
Horae-cbestDot,   iee     ^sculue     flip- 

pocaslanum. 
Horgebair,  Use  ol,  250. 
Horse-tail,  see  Eqiiiselum. 


I  Ammooia-carmiue,  s 


Car- 


„  Enclosing    fluid,     see    Enalosing 

flaid- 
Hjacintb,  Berelopment  ol  pollen  in, 

316;  pistil,  324. 
Hyaloplasm,  29. 
HydroeltarU  Morsm-rana,  movemenl 

of    protoplasm    in    root.bairs. 
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Hydroohlorio    aoid,    Use  of,   69,   77, 

205,  21:1. 
„  Half  per  eeot.  in  70  per  cent. 

aloohol,  Useof,  206. 
„   Qaaiier  per  cent,  in  70  per  cent. 

alcohol,  Use  el,  365. 
Hfdroids  (^TracheideB),  58, 105, 114. 
Hfrnenium   of    Meidium,    263    (Fig. 

81') ;  Agarieu*.  268  (Pig.  91-) ; 

Anaptychia,     270     (Fig.     93); 

UorehtUa,  269  (Fig.  92) ;  Jttu- 

tula,  267  (Fig.  91). 
Hjmenomjcetea,  2S6. 
Hjpsntbium,  tet  ReceptacaJai  tnbe. 
Hjpli«,  200,  255. 
Hypooblorin  reaction,  20i. 
Hn>o«ot7l,  310  (Fig.  103),  639  (Fig. 

111), 
^poderma,  88. 

lUnminating  apparatus,  227;  Abbe'e, 

226. 
ImmerBion  flaida,  for  objeotivcB,  281. 

„  ObjectiTBB,  Kviii.,  223. 
Incsndesceiit  lampB  (electrio).  Use  of, 

229. 
Indian  com,  ue  Zea  Mait. 
Indian  inlc,  Use  of.  222. 
IndnBium,  288  (Fig.  96). 
lufloiescenoe.  306. 

Initial  aells.  Initial  layers,  173.     [370. 

InteToellular     protoplasmic    tfareada, 

„  spaces,     Lysigenous,     35,     164 ; 

Schizogenoas,  17, 

124 ;  canals,  180. 

Intern  ode,  171. 
Inline,  304,  312. 
Innline,  Besctions  for,  60  ;    sphiero- 

crjatala,  60  (Fig.  24). 
lodioe.  Action  on  starcli,  13 ;   on  alen- 
rone  grains,  18. 
„  in  alcohol,  Cae  of,  13,  39. 
„  in  glycerine,  Use  of,  24. 
„  ID  potasaium-iodine.  Uae  of,  13, 
16,  47,  204,  208.  259,  269,  274, 
293,  317. 
„  in  water.  Use  of,  17,  41. 
„  Scale  of.    Action  on  itareh,  15. 
Iodine-green,  Use  of,  92,  93. 

„  Acetic,  Use  of,  218,  317,  318, 361. 
„  Formic,  361. 
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Irit  JlortKtina,  Stmctnie  of  leaf,  SI  ct 
leq-  (Fig.  27) ;  endodermis  of 
root,  139  (Fig.  65);  vascular 
bundles  of  leaf,  93  (Fig.  95) ; 
wai  on  leaf,  81. 

ItU  germanica,  Lenooplaats  (staroli. 
bnitders)  and  Btarch  in  rhizome, 
44  (Fig.  21). 

Iron  alum,  Use  of,  366. 
„  obloride.  Use  of,  62. 
„   sulpbate.  Use  of,  63. 

Iry,  (((  Hedera  helix. 

Juglam  regia,  Leat-faU  of,  159. 

Labelling  preparations,  24. 
Labomum,  tee  Cytiiut  Lalmrnum. 
Lamp,  229 ;  Eleotrio,  229. 
Larkepur,  tte  Delphinium. 
Latex  system,  in  Etip)iorbia,  12,  13; 

Chelidonium  majm,  103  ;  Scot. 

zojiera,  101  (Fig.  IS"). 
Lathynu,   formation  of  pollen-tabes, 

321. 
Lavender,  Oil  of.  Use  of,  366. 
Leaf,  Structure  of  in  AloS,  67  (Fig. 

29) ;  Fagut  lylvatlea,  164  (Fig. 

63);    Iris,    61,   93    (Fig.    42); 

Mniam  unjlulntum,  192 ;   Evia 

graveolem,  160  (Figs.  61,  62) ; 

ScolopendHum     valgare,     287 ; 

Sphagiaim     acutifoHtan,     193; 

Tradetcantia,,  65  (Fig.  28). 
„   Influence  of  position  on  struotate, 

166. 
„   Aerating  tissue,  167;  asBiinilatoiy 

tissue,   167 ;    mechanical   con- 
struction,   165  ;    transpiratory 

tissue,  167 ;  vein-pacenobyoiB, 

168. 
„   Origin  of,  171,  174 ;  fall  of,  167. 
Leaf  traces,  176. 
Leitz'B  mioroacopea,  xvi. 
Lemon,  tee  Citriii. 

„  Oil  of.  Use  of,  319,  320. 
Lena,  magnifying,  xii. 
Lenticels,  of  Sambiica$  nigra,  163  (Fig. 

60). 
Leptome,  86. 
Leptothrix  huccalii,  232. 
Leiicojxim,  Pollen  graina  of,  SIS. 


nK:,iz=..,C00t^[c 


IiBUCoplaBls,    □(    Irit   genrtaniea, 

(Fig.  31] ;    Btamiual    bairs    of 
Tradttcantia,    39 ;    Varbatcvm 
nigrum,  il. 
Liobent,  Stractare  of,  202  ;  reproduo- 
tion.  270  {Fig.  93). 
„   Gelatinona,  271. 
Light,  Artificial,  lor  microscopes,  229. 
Lignin,  BenctioDS  for,  69,  119. 
Lignlata,  tee  Selaginelles. 
Ligale,  296,  297,  346  e. 
Lilivm,  Development  ot  antlieiB  aad 
pollen,  315 ;  Btruoture  of  pistil, 
324. 
„  Cell  and  nnclear  divieion  in,  360. 
„  Stomata,  71,  note  c. 
Lime,  lee  Tilia  europaa. 
Lime,  Oxalate,  as  crystals,  96  (Fig. 
43}  i    in  cell-contents  of  Beta 
vtilgarU,  46;  Irit  Jlorentina,  9 
Rata,  77. 
„  Beactiona,  46. 
„  pbospbate,  Use  ot,  208. 
„  SphierocrjBtaU,  63,  note  h. 
„  Bolphftte,  Use  of,  208. 
Limiting  cell,  lee  Beterocyst. 

„  membrane  (of  cell-wall),  64,  S8. 
Ling,  »tt  Calluaa  vuigarii. 
Linseed  oil,  Use  of,  306. 
Liverwort,  tie  Marchantia. 
Logwood,  tee  Hnmatoijlin. 
Lupi'niu   albag,    Alenrone    grains   i 

seed,  24. 
Lyeopodium  eomplanaltim,  straotareot 
■tern,  149  (Fig.  B8). 
„  Selago,  structure  of  stem,  ISO. 
LysigenoaB,  tte  Intercellulaj'  spaces. 
Lytimachia,  Pistil  of,  326. 

Macerating  mixtnre,  Bchnltze's,  119, 
Macrospornngia,  297.  [129, 165. 

Macrospore,  tee  Spore. 
Magenta,  ite  FocbBin. 
Magnesia  snlpbate.  Use  ot,  309. 
Maize,  lee  Zea  Mail. 
Malic  acid,  as  stimulant  lor  spermato- 
zoids  of  Fems,  294.         [104  a). 
iJalva  ciiipa.  Pollen  grains,  319  (Fig. 
Maple,  Aatnmnal  coloration  of,  43, 
Maranla  arwndiiiacra,  Statob  of,  II. 
Uarebantiaoeie,  377- 
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HIoTchantta  polymorpha,  air-pores,  191 

(Fig.    71);    thallus,    194;    oil- 
bodies,     195;     rbizoide.     196: 

gemmte,  194,  273;   seuial   or. 

gana,  272   (Figs.  93*.  94,  95) ; 

lertilisatioQ,  276;  sporogoninm, 

277. 
Mare's  toil,  lee  Bippwris  viilga'ii. 
Marjoram,  Oil  of,  Use  of,  365. 
Matlhiola  annua.  Hairs  on  leaf,  79 

(Fig.  32]. 
Mechanical  system,  48,  88,  147, 166. 
Medulla,  270". 
Medullary  lajs,  stinctnre  in  AtUIoIo- 

chia,  107  (Fig.  46} ;  Pinut  lyU 

t,t>t,-i»,  66,  120  (Fig.  47}. 
„  Secondary,  270. 
Medullary  sheath,  111. 
Mericorp,  340. 
Meristem,  172. 
Mesocarp,  344. 
Mesophjll,  161  (Fig.  63). 
Mesotbecium,  814. 
Mestome,  66. 

Melaphasee,  of  nnclear  diviaion,  S6S. 
Metbyl-blue,UEeof,229,234.   SteaUo 

Aniline  blue. 
Methyl-grern,  Use  of,  19,  46.   Su  alto 

Aniline  green. 
„   Formic,  i)61. 
„   Acetic,  19,  46,  16S,  318,  317,  318, 

S60,  361,  369. 
Methyl-Tiolet,   Use    ot,    39,  41,   229, 

234. 
Melzgeria  fureata,  Btructnre  of  tbal- 

lus,  197  ;  apical  cell,  196  (Fig. 

73). 
Mica  plates,  Use  of,  213. 
iliCTOeoeevt  Vaccina,  231. 
Micrometer-screw,  tee  Microscope. 
Micrometer,  Stage ,  xxii. 
Micropjie,   803,  304  (Fig.   101),  328 

(Figs.  107-110}. 
Mioroacope,EBeentia1sforagood,svii.; 

stands  and  objectives,  xiii. 
„   Compoond,  1  (Fig.  2),  224  (Figs. 

83,  83')  1  to  clean  after  v.Be,  16. 
„   Simple    (or   Dissecting),   xi.,  21 

(Figs.  12.  13). 
Microsomata  (microsomes),  39,  207. 
MiaroBporangia.  297. 


),  Google 


Micro  apore,  tee  Spore. 

Microtome,  C3. 

Middle  lajcella  (of  cell-wall),  54,  58 
(Fig.  26),  140,  153. 

Milk,  $ee  Latex. 

Millon's  reegeDt,  Use  of,  16.  19. 

JUiiium  Ivirnum,  autherozoids,  2TT ; 
archegonio,  280;  "  flowere," 
277  ;  Bporogone,  290. 

Jfnfum  unduUitiim,  Sti-ucture  ol  leaf, 
192;  of  stem,  190;  abaorption 
of  mater  bj  leaves,  193  ;  move- 
ment of  water  in  central  bundle 


of  at 


,  .90. 


Moist  chamber,  10.  255;  hollow -d 
from  glass  slide,  244;  of  glass 
ring,  243,  256  ;  pasteboard 
frame,  238,  247,  321 ;  hell-jar, 
10,244;  plaster  of  Paris  case, 
244,  25G. 

Molecular  movement,  tee  Btownian 
movement. 

Moljbdate  of  ammonia,  in  concen- 
trated solution  of  ammonium 
chloride.  Use  of,  59. 

Monkshood,  lee  Aeonitu\a  Napttliu. 

MonocarpeUary,  323. 

MoDocotjledons,  Vascular  bundles  o(, 
83  et seq. 

Monopodia!  (branching),  267. 

MonoiTopa  Hypopityt,  Structure  of 
Embryo-sao,  330  (Fig.  108). 

Morchella  escaleitta;  epLplasm,  2S0; 
glycogen  in,  269;  hjmenium, 
269  (Fig.  92). 

Morell,  ice  Muichella  ttciilenta. 

Mosses,  Keproduction  of,  277  el  t-q. 
(Figs.  95 A  to  a);  vegetative 
Btcucture,  38,  190  et  tfq. 

Mounting  fluid,  see  Enclosing  Buid. 

Munntiiig  preparations,  20. 

Mucilage,  lee  Mucus. 

Mucilage -cells  oi  Marehantia,  197. 

Mucorineffi,  253,  230. 

Mucor  M'iceda.  255 ;  sporangia,  255  ; 
Kjgots  (zjgospore),  256  (Fig. 
87  n  and  a). 

Mucus,  from  cellulose,  99,  340 ;  from 
starch,  99. 
„  Staining  reactions  of,  99. 

Mullein,  lee  Verbatcxtai  nigrum. 

MuUincJolearcelb'.tetfKu'JlsaidiTusign. 


Multiplication, seiual  and  asexnal,  31ft 
Muslirooni,  tee  Agarics  eampellrit, 
Mjcelium,  255. 
Mycoprotein,  222. 

Naaicala,  tee  Fiiinularia. 

Neck,  of  arohegonium,  275  (Figs,  S5, 
95  D).  293  (Figs.  98,  102). 

Needle-holder,  xiiii. 

Needles,  xiiii. 

Nerium  Oleander-,  Stmolure  of  epider- 
mis, 69;   stomata,  70. 

Nerve,  Use  of  term,  168. 

Nigrnaine,  Use  of,  79,  99. 
„   Picric,  Use  ol,  92,  238. 

Nitella,  Protoplaamic  movement  in, 
37  ;  stiuoture  of,  202  e. 

Nitrates,  Keactiona  of,  49. 

Hitiic  acid.  Use  of,  51,  213,  234. 

Nitrites,  BeactioDs  of,  49. 

Node,  171- 

Nostocaceie,  216. 

Noatoc  ciniaounm,  217. 

NuoellUB,  304,  307  (Fig.  102),  328  (Fig. 
107). 

Nuoloar  division,  356 ;  in  Fritellaria 
periica,  360  (Fig.  114);  HelU- 
60111.  fatidui.  367  (Fig.  115)  ; 
Tradeicaatia  vtrginica,  366 
(Fig.  113),  369  (Fig.  116). 

Nuclear  division,  direct,  369  (Fig. 
116) ;  indirect,  369  (Figs.  113. 
114) ;  prophases,  metaphasea, 
anaphases,  363. 
„  Filing  and  staining  nuclear 
figures,  260,  263,  360,  361,  364, 
et  leq. ;  with  acetic  methyl- 
green,  360,  301 ;  with  abaolute 
alcohol  and  safranin,  365  ; 
alcohol  and  gentiana-violet, 
365,  alcohol  and  logwood,  366  ; 
alcohol  and  diamond- fucbsine 
iodine-green,  366 ;  restoring 
OTcrstaining  with  logwood,  365. 
„  Multinuolear  cells,  201,  204  (Fig 

75),  256,  260, 
„  Permanent  preparations,  364 <(ie^ 

Nuclear  plate,  363  (Fig.  114),  364. 

Nuclear  spindle,  3G3. 

Nucleoli,  30,  204,  203, 

NucleoluB,  Lnteral,  tee  Piranuoleolnn. 
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Kncleue  of  Cla^ophora  g1omtrata,2<ii 

(Fig.  75) ;    PeniciUiam    cniita- 

eeum,    260;    Pinnularia,    211 

(Fig.  77) ;  Protococmu,.  214  (¥ig. 

78);      Saecliaramyci'i     (jeast), 

216  ;  Spirogyra,  208  (Fig.  76) ; 

stamioal  hairs  of  Tradticantia, 

29   (Fig.   16),   857   (Fig.   113); 

pollen  graina  of  Tradeieaulia, 

J)17   (Fig.   105) ;    old  Dodes  of 

Tmdeicantia,  369  {Fig.  116). 
„   Belationa  to  fertilization,  oo-nu- 

cleoB,  EperiDO-iiucleuB,  332. 
,,   Staining,   19,  25,   61.      Ste   aUo 

Kuclear  division. 
„   Structure  ia  resting  etate,  3S7. 
I^utatiOD  of  OBcitlaria,  218. 

Oak-apple,  Oak-gall,  61. 

Oat,  ite  Avtna  saliva. 

Object-glaBa,    Objective,    iviii.  ;     for 

homogeneong  immerEion,  xviii., 

323;   Use  of,   224;   lor  water 

immersion,  xviii.,  223;  Uee  of, 
224  ;  to  clean,  7,  13. 
Object- glides,  ixii. ;  hollowed,  244. 
Ochtea,  78. 
Oonlar.  ite  Ej'e-piece. 
(Enntkera  bieniiU,Po\leugxain3  ot,  318. 

„         Ovary  of,  337. 
Oil.  Ethereal,  2S,  160;  iaactioDs<rf,  26; 

Fat.  26;  reactions  of,  26;  OUve, 

Ub6  of,  26  ;  Origanuai,  Use  of, 

365.     See  alio  Cloves,  Cedar. 
Oil-bodies  of  Liverworts,  196. 
Oil-drops,  Optical  appearance  of,  25. 
Oit-glauds  of  Rutt,  160     (Fig.    62) ; 

J>ictanmu$  Fraxinella,  164  (Fig. 

62')  ;  CiJrin,  351. 
Onion,  ite  Allium  Cepa. 
Oogonium,  of  Perorf'tpora,  259  ;  Kau- 

eheria,   253   (Pig.    89) ;     Fueiii, 

264o  (Fig.  87*);  Chara,   254j 

(Fig.  87"). 
Oo-nucleuB,  332. 
Oosphere,  of  JcoiuVt™,  328{Fi8.  107); 

Slarchantia,     276     (Fig.     95) ; 

Final,    308    (Fig.   102);    Polg- 

podium,  294  (Fig.  98) ;   Vauck- 

tria.  253. 
Oospore,  lu  FertiUaation.  Zygote,  (  Packiug-celln,  151, 153. 
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Operculnm,  282  (Fig.  95  n).         {Hum). 

Orange,  tee  Citrut  valgarit  IC.  Auran- 

Orchidea;,  Embtjo-sac  and  fertiliza- 
tion, 333  I  Piatil  ol,  336. 

Orchil pulUni,  333  (Fig.  109). 

OiTtiikogaivm  umbellaiiin,Stractateot 
ceU-walls  of  seed,  63  (Fig.  26). 

Oicillaria  (Fig.  81),  Cell-atructnre  of, 
217;  habitat,  217;  movement, 
218. 

Osmic  acid,  1  p.c.  Use  of,  2G,  27,  274. 
.,  vapour,  236. 

Ovaij,  adnate  (inferior),  336;  free 
(superior), 323;  monooorpellarj, 
323 ;  poljcarpellary,  324. 
„  Dehiscence  of,  323,  327. 
„  Structure  in  Butomiu  umbellatiu, 
321;  De'phiniam  Ajacit,  322 
(Fig.  L03);  Epipaetii  paluttrit, 
326  ;  Helleburut,  334  ;  Htmero- 
callii.  324;  Hyacintliia,  324; 
Lilium,  324;  Primala,  326; 
riiHpa,  324;  rureo,  835. 

Overstaining,  Use  of,  206;  correction 
of,  230,  366.  [Ovule. 

Ovular  integument,  303, 338.    See  alio 

Ovule,  303,  323;  anatropons,  328 
(Figa.  106,  107) ;  oampylotro- 
pons,  342  ;  chalaza,  328 ;  em- 
brjo-Eao,  328;  funiculus,  828; 
micropyle,  304,  328;  nucellus, 
301,328;  primine,  328  ;  raplie. 
338;  aecundine,  338.  Set  alio 
Embryo- sac. 
„  Development  and  strncture  in 
AconiM'n  Sapellai,  327  (Fig. 
107) ;  CapieUa  Biula-paitorii, 
340;  Citrui,  364;  Monotropa 
Hypapilyi,  330  (Fig.  108) ; 
Orchil,  333  (Fig.  109) ;  Picea 
vuigarii,  807  (Fig.  102) ;  Pimii 
sylvettrii,  305  (Pig.  101); 
Taxat  baecata,  303  (Fig.  100). 
„   Homology     with      macroBporou. 

gium,  304,  328. 
„   Sections  of,  329. 
Oxalate  of  lime,  lee  Lime. 
Oiide  of  copper  (ammoniocal),   hit 
Copper  am  inou -oxide. 
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Paonia,   Fotmatlon   ol    pollen-tubeB, 

331. 
Paonj,  tet  Paonia. 
PalisBode  celU,  161  (fig.  62). 
Potmellncen,  219. 
PanBj,  ite  Viola  tricoior, 
Papaver  Rkaas,  Structnie  of  petals, 

169. 
PftpillB,  40,  72,  272. 
ParannoleolaB,  361  (Fig,  114). 
Parsphjaea.ot  Funaria.  281  (Fig.  95b); 

jtfnmm,    278,    280;    MoTchella. 

269    (Fig.    92);    Bntmla,    267 

(Fig.  91). 
Parasite,  264. 

Parkes  *  Son's  mioroecopeB,  iv. 
Parmtlia     ciliarii,    tte     Jnaptychia 

ciUarit.  [(Fig.  65). 

PasBage  cells  (in  bundU-aheath),  139 
PftBtetir-B  Fluid,  220. 
Pea,  itt  Fieu'it  lativum. 
Pear,  folerenchyma  Id,  47  (Fig.  22). 
Pelargomiim  zonale;  hairs  on  petiole, 


Ptnicillmm     crutlaeeun, 

S69;     asoi. 

261;     baEidia,    260; 

gonidio- 

phorss,  260  (Fig. 

90) 

babitat, 

259  i    mjcelinm, 

259 

;   nuelei, 

Peptone,  211. 

[260. 

Perohloride  of  iro  n ,  >ee  Iron. 

[95). 

(ia), 277  (Fig. 

Periblem.  173  (Figa,  64, 

66) 

310  (Fig- 

103). 

70). 

53  t 

0  66). 

Pericarp,  344. 

Periclinal  ceU-walls,  173 

Periojcle,  lOS. 

[156. 

Periderm,  111,  163  (Figi 

J.  59 

60),  166, 

Peiidiara,  263  (Fig.  90") 

Perigonium,  278. 

Peripbloem,  147,  148. 
Peristome,  282  (Fig.  95  a), 
Peionoeporete,  257;  antlieridia,  259; 

fertilization,  259 ;  gonidia,  259  ; 

oogonia,  259. 
PelalB,  Structote  in  Papaver  Rkrtii, 

169;  FCT-iotcuni  nigrum.  168. 


Petiole,Stnictoreo(,inBuiaffrai'w!ei«, 
164. 

Pbaneiogamia,  Primary  olassiGcation 
of,  298. 

Phaieoliu  viiJgarii,  Starch  of,  10 
(Fig.  4). 

PheUem,  153,  166. 

Phellodorm  in  Bibet  Tubrum.  166. 

Pheltogen,  163  (Figs.  69,  60).  Sft  aUo 
Cork. 

Phloem,  $te  Bast,  vascular  bandies. 

Phloioglucin,  Use  of,  59. 

Phanix  iactyliftra,  Struotnre  ot  en- 
dosperm  cell-valls,  64. 

Phosphate  of  lime,  ste  Lime. 

Phosphate  of  soda,  tte  Soda. 

Pbjcamycetes,  255. 

Fhylophtliora  tn/rfstani,2S6/;  conidia, 
257  {Fig.  89) ;  banslotia,  267. 

Picea  vulgaHi,  arobegonia,  (oorpus- 
cnla),  308;  embryo. sac,  308; 
endo^'perm,  S06,  308  ;  fertiliza- 
tion, 308  ;  female  floiierB,  306  ; 
OTule,  807  (Figa.  102,  102  *,  6, 
and  c)  ;  aeeda,  S09  (Fig.  102  c). 

Picric  acid,  Use  of,  204,  216. 
alcohol,  lee  Alcohol. 
aniline  blue,  Use  ot,  92,  370. 
carmine,  236. 
nigrosine,  Use  of,  92,  361. 

Pileus,  267. 

Pilliacher'a  microscopea,  ivi. 

Pinnvlaria  siiridii  (Fig.  77),  Struetare, 
210 ;  ceU-wall,  213 ;  cyloplasni, 
211;  division,  212;  endocbrome 
plates,  212 ;  frustules  (valves), 
210  ;  girdles,  211 ;  movements,' 
212  ;  nodule,  210  ;  oil-drops, 
211;  raphe,  211  ;  skeletoniza- 
tion, 213. 

Pinui  lylveifrii,  bordered  pits,  66 
(Fig.  26);  116  (Fig.  47);  oell- 
valls,  67;  female  flower,  304; 
male  flower,  298  (Fig.  99); 
ovnle,  305  (Fig.  101);  pollen- 
grains,  300  (Fig.  99) ;  pollin- 
ation, 306 ;  lesin  canals,  118 
(Fig.  48) ;  stamens,  299 ;  sieve- 
tubes,  121  (Figs.  19,  50) ;  itruo- 
tore  of  stem,  114  (Fig.  46'). 

Piptocephalii  Frcteniana,  256 1, 
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Pisli],  let  Ovary. 

Piium  tativuta,  Aleurone- grams,  18 
(Fig.  10) ;  BtructuM  of  seed,  16 

Pith,  108, 17*,  310.  [(Fig.  10). 

Pita,  bordered,  of  Pimu  lyheitrii,  55 
(Fig.  26);  unilaterally  bordered, 
112.  116  (Fig.  47)  i  closing 
membrane.  54  (Ftp.  35,  26), 
I19(tfig.  47),147. 
.,   Sieve,    let    Siere  -  tubes.    Sieve 

plates,  etc. 
..   Bimple,   Id    Agaricxu   eamptitrU, 
201  (Fig.   74);   Beta  vutgarii, 
46;  Ornithogolum,  54  (Fig.  25). 
„  branched  in  Pear,  47  (Fig.  22). 
„  reactions,  47  :  tocus,  57  (Fig.  26), 
112,  116  (Fig.  47).  147. 

Pitted  ducts.  8i  (Fig.  40),  91.  See 
aUo  Pits. 

Placenta,  289  (Fig.  96),  306,  323  (Fig. 
106) ;  axile,  324  ;  free  central, 
326 ;  marginal,  325 ;  euper&cial, 
324.      [of  Tradeicanlia,  34,  37a, 

PlasmoljBia,  208;    in   staminal  baira 

Pleomorphisni  in  Bacteria,  233. 

Plerome,173(Fig8.64,65),310(Fig.HI3)- 

Pleuroiigma  uTigulalum,  214. 

Plum,  tee  Prtmiie  domeitica. 

Plnm-jaice.  Dse  of,  256. 

Plumule,  310  (Fig.  103).  [325. 

Pollen-canal,  in  style  o£  Eemerocallii, 

Pollen 'grains.  Structure  in  Acaeia, 
320  b  ;  Jltbrea  TOiea,  310  b  ; 
Aialea,  320  b  ;  Calhma  vulgaris, 
320  6;  Cucurbita,  820  a-,  Erica, 
320  b;  FritiUaria  imperialii. 
318;  HtmerocalUt  falva,  312 
(Fig.  104) ;  Ltueojum,  818 ; 
Liliam,  31E ;  Malva  criipa, 
819  (Fig.  104  a);  Mimoees,  320 ; 
(Enotktra  bUnni;  318  ;  Pinui 
lylveitrit,  800  (Pig.  99) ;  Rko- 
dodendron.'iQO b;  Taxuibaccata, 
301;  TradiKantia  virginica, 
316  (Fig.  105). 
„  Cultnreof,320:  [ormation  of,315; 
bow  to  make  transparent,  319, 
340;  germination,  320;  com- 
pound grains,  320 ;  nnoUus, 
300,317;  homolog;  witb  micro- 
Bpores,  300. 
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Pollen   mother-oellB,  Oiiision  of,  in 

Fritillaria   penica,    360    (Fig. 

114);    HenuTocallu,  315   (Fig. 

104);    HelUbimu  fasUdJU,   367 

(Fig.  115). 
Pollen-saca  of   Pi'nua  tylvettrit,   299 

(Fig,  99) ;  Taius  baeeata,  301. 

Ste  alto  Pollen- grains. 
„   homology    with    microsporangia. 

SCO,  311. 
PoUeD'tubes,    Developmeut    of,    304, 

307,  319,  320.  335  (Fig.   110). 

Cultund  development,  320  c. 
Pollination.  304.  306. 
PolycarpouB.  lee  Apocarpous. 
Polyembrjony,  in  Citrut,  35B. 
Palypodiaces,  290. 
Polypodiiini  vulgare,  Antheridium,  291 

(Fig.  9T) :  autherozoids    (sper- 

malczoids)      293      (Fig.    97); 

archegonia,     293    (Fig.     98)  ; 

fertilization,   294 ;    ptothallus, 

291 ;  Eori  and  Eporangia,  290. 
Polypody  fern,  let  Polypodium.  [279. 
Pohjtrichum  janiperijium,  Antheridia, 

„  Foliu  bandies  in,  192. 
Poplar-wood,  Use  of,  in  catting  sec- 
tions, 338. 
Poppy,  «e  Papaver  Rhaas. 
Poputut  diUtata,  Leaf-fall  in,  169. 
Porous  cells  of  Sphagraim,  193. 
Potash,   acetate,   Use    of,  action    on 

starch,  14;  on  cork,  155;  as  a 

clearing  agent,  172,  177,  180, 

297,  299,  841 ;  how  to  restore 

tissues  after,  177. 
„  Use  of,  172,  177. 
„  bichromate.  Use  of,  52. 
„  chlorate,  112, 129,156. 
„  nitrate,  208. 
Potato,  lie  Solanuiii  laheroiam. 
Preparations,  Permanent  preservation 

of.  20,  24,  92,  230,  235;  closing, 

92,  366. 
„  Preservation  of ,  when  stained,  206. 
„  To  find  again  a  patticnlax  spot  in, 

239. 
„  Bemoval  of   air  and  dust  under 

microscope,  20, 
„  To  prepare  under  microioopo,  23, 
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Prioklei  of  Bom,  Structure  of,  7C. 
Primine,  838.    See  alto  Ovale. 
Primiow,  >ee  Primula. 
Priviula,  Ovary  of,  S25. 

P.  lituatit,  GlanJalar  haira,  78. 
Frooiuiibium,  174  (Fig.  65),  310  (Fig. 

103). 
Pioembryo  of  Mosses,  191  (Fig.  71*) ; 

Ot  Capiella,  3i2. 
Proliferation,  279. 
Prom;celium  ot  Puccinia,  265. 
Prophases  of  nuclear  division,  8G3. 
Protein- grains,  let  Aleutone-grains. 
Protein  crystals      (erjstallizod),      lee 

Albumen  -cijstaU. 
Prothallus  ot  Polypodiun  vulgart,  290. 

„  Homology  with  endosperm,  606. 
I'rotococeiu  vtridii,  214  (Fig.  78). 
Protonemaof  MoaseB,  191  (Fig.  71'). 
l*roCopliloeni,  87,  93. 
Protoplasm,  circulation,  29  (Fig.  15), 

84,  37a ;  coutraction,  lee  Plas- 

moljsis  1     neutral    liaee,    36; 


J,  37; 


nof,  I 


tween  neighbouring  oells,  370. 
„  BeactiouBof,  19,313. 

ProtoplaBmic  moTements,  in  leaf  of 
Vallimeria  ipiraOi,  86  ;  in  the 
haita  of  young  shoots  of 
Cueurbita,  85 ;  in  tlie  ataminal 
haira  of  Tradctcantia,  28  (Fig. 
15)  ;  in  the  rootfl  ot  Hydro- 
charia  ilorsus-rana,  36  ;  in  the 
inlernodal  cells  of  Nilella,  37 ; 
in  root-haira  ot  TriuTiea,  37a; 
in  the  stinging  hairs  ot  Uriica, 
77  (Fig.  35) ;  in  medullary  raya 
and  camhium  of  Pinui,  122. 

Protoxylem,  66. 

Piuiiut  domtttica,  stracture  ot  fruit, 
347;  ot  Bead,  348. 

Pseudo- parenchyma  ot  Fungi,  200 
(Fig.  74]. 

Paendopodia,  313. 

Fttrii  aqailina,  struotuie  ot  rhizome 
and  leaf  atalk,  146  (Fig.  67). 
„  crtlica,  deTelopinent  of  toot,  188 
(Fig.  71). 

Puccinia  ffmiainii,  263,  264  (Fig.  90*). 

Punctam    vegtlaliani;    tee    Growing 


Pycen 

oids  ot   Cladophor 

%,  203   (Fig. 

75).;  Spirogijra,  208  (Fig.  76). 

PSTOU 

Psru. 

ceUa  in  th« 

fruit.  47  (Pig.  22) 

gincoae  in. 

Fgrat  Malm,  etraoture  ot  fruit,  348 ; 


euercui,  Gall  of,  61. 

Q.  tuber,  Bttactnre  of  cork,  1S6. 

Iladicle,  309,  310  (Fig.  103),  339  (Fig. 

111).    Sf.e  alto  Embryo. 
JlanuHcufui    Ficoria,   Embryo,   846 ; 

seed,  346. 
„  Ttptiu,   stmctate  of   the   adven- 

iitioua  roots,  140;   of  the  vas- 

oular  bnndlo,  100  (Fig.  45). 


Baxor,  ziiii.,  16,  65. 

Beoeiving  cells,  167. 

Iteceptaoular  tabe,  349. 

Beceptive  epot,  2S3  (Fig.  88),  !!76  (Fig. 
95),  296  (Fig.  98). 

Beprodaction,    aaeiuol    ^d    sexnal, 
219,  246. 
„  of    ^cidium    Berberidis. 

AgarioLi  campettrU,  268  ;  Alga, 
246;  Anaptychia  ciliarit,  270; 
Angioaperms,   311;     Aipidi 
Filii-mat.  289  ;  Bacteria,  2! 
Ceratoplerit  thaliciToidei,  2! 
Chara,  Ihig;   Cladophora  ( 
meyata,   247;     Diatoms,    2! 
Ferns,  287  ;  Faciu,  254  ;  Ji'uHO- 
Ha  hygrometcica,  279  ;   Fungi, 
256,    262 ;      Gleoeapaa, 
Gymnuaperms,   296 ;    Iiicheus, 
270;    Liverworts,    272;    ilar- 
chajttia        polynurrplia, 
Mnium  honmm,  277,  280  ; 
chella  eicutenta,  269  ;   Mosaea, 
277 ;     Mucor     Mticedo, 
Penicillium    cruttaeeum, 
Fhytnpklhora    Infealam, 
Picta     vulgarii,    307 ;     Finut 
tijtveitrit,  298,  304;  Fo'yp"di- 
iiia  vulgare,  291 ;   Polyiriekian 
juniperinvm,  279 ;  Pnitoeuccui, 
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Ra production,  eontiautd. 

214;  Piiccinia  graminii,  261; 
Siunila  Tuhra,  260;  Scoloprn- 
iiHNntvulirare,287;Selaginellea9, 
996;  J'axtu  baccata,  301,  302; 
Vaueheria  te*tilii,  250 ;  Yeast, 
216. 

Besin,  61.  116. 

„  Beactiona  of,  119.  [50'). 

Besin-canals,  118  (Fig.  48),  124  (Fig. 

Respiiatory  oliambcr,  tee  Air-chamber. 

Jt;iani7it»  Frangiila,  luterprotoplasmio 
uDionin.-STO. 

Rhisines.  of  Anapti/chia  ciliarii,  203. 

RliixoidB,  191,  202  e.  273,  291. 

Rhododendron,  ToWen  of,  S20. 

Bib.  CwoiMH!!.  1C8. 

Kibei  Tubmm.  Phelloaerm,  156. 

KieiiHU  cmamiiuit,  iit.r.roi:s-(!tainain, 
25  (Fig.  14) ;  tjpe  oi  albumin- 
ous seed,  346. 

Jlobinia  Ptnxd-Acaeia,  Leaf.fall  in, 
159. 

Boot,  Braoching  of,  187. 
„  Growing    apex    of,   lee  Qrowing 

Root,  incieBse  in  thickness,  141. 
„   Strooture  of,  in  Aeonu  Calamut, 

138   (Fig.  54);    Alliuia    Ctpa. 

136   (Fig.    eS);    Dicotyledons' 

144  1  Idi  florentina,  139  (Fig. 

65) ;   JtaHTineuIui  rcjitru,  140  ; 

Toanu  baccala,  141  (Fig.  66). 
„   Stmctureofembrjonic, in  J/ismo, 

346;  i'icM,  309. 
I'oot-cap,  of  OymnoBperms,  186  (Fig. 

70),  310  (Fig.  103);  o(  Hordtum 

vttlguTt,  184  (Pig.  69);  of  Purit 

creiiea,  189  (Fig.  71);  o[  Thuja, 

186  (Fig.  70). 
Eoot-hairs,  35,  79, 186. 
Rota     temptrfiarem,      Stioclnre     of 

prieklas,  76,  77. 
Itosaniline  violet,  Hanstein'a,  Ubs  of, 

79,  81. 
Boa«,  Coloured  cell-sap  in,  42. 
RoBB  A  Co.'b  microscopes,  liF.,  327 

(Fig.  83*). 
Roe,  tee  Jtutn  gravtolmt. 
Humtx  Patiintia,  glandulac  huirs  on 

OchteEB,  76  (Fig.  36). 


h,  Flowering,  »ee  Butomiu, 
Itnttiitu  rubra,  266  (Fig.  Bl). 
Bnst-fuugus.  see  Pucciiiia. 
Kuta  graBeoleru,  Stractnre  of  leaf.  160 
et  >eq.  {Figs.  61,  62). 


Saecharomycei  ceTevUet,  216  (Fig.  79). 
Sacchariin  o^cinanim,  nax  la,yer,  Bl 

(Fig.  39). 
Saffranio,  Use  of,  92, 149.  236. 
„  Alcoholic,  Use  of,  236,  365. 
„  Watery,  Use  of,  9fi,  149,  236. 
Salitburia  adiantifolia.  Autumn  tints, 

43. 
Salix  Caprea,  3)annin  reaction,  52. 
Salt  (table),  («  Sodimn  chloride. 
Sambuciii  nigra,  Cork  and  Fhellodemi, 

163   (Fig.   69);   Lenticels,  164 

(Fig.  60). 
Soalarifoim   Tessels,  in    AlUmn,   IBS 

(Fig.  63) ;  PterU,  146  (Fig.  67). 
Scales  of  Marchantia,  194.    See  alio 

Scalpel,  xiiii. 

SchizogenouB  intercellnlar  spaces,  lee 
Interoellolar  spaces. 

Sehizomycetea,  3S1.     See  Bacteria. 

Sohizophycete,  219. 

Schizopbyta,  217,  234. 

Schnltsie's  Macerating  Mixture,  Use 
of,  112,  129,  155. 

Scisiors,  disaecting,  xiiii. 

Sclerenchyma,  47  (Fig.  32),  63,  84,  91, 
14T,  149, 153,  166,  347,  349. 

ScolopeiidTium  vulgare,  structure  of 
leaf,aB7  (Fig. 96) ;  son,  388  (Fig. 
96) ;  sporangia,  989  (Fig.  96). 

Scatzonera  hhpanica,  Latei-sjstem  of, 
104  (Fig.  45*). 

Scotch  fir,  tee  Pinui  tylxetiri: 

Soutellum,  346  e. 

Sections,  Preparation  of,  16,  56. 
„  of  Tcr;  tliin  objeota.  See  Colloi- 
din,  Oljcerine-gum,  Elder-pith, 
Cork,  Lime  .wood.  Poplar- wood. 
Sunflower-pith. 
„  To  cut,  16,  65,  62,  63,  307 ;  curl- 
ing of,  17 ;  how  to  lift,  17 1  to 
mount,  20 ;  to  make  trans- 
parent, 172 ;  to  restore  when 
Vao  transparent,  173. 
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Seed,   Structnie  of,  in  Aliima  Pian- 
tago,  943  (Fig.  112);    Capiella 
Bwia-patlorit,  338  (Fig.  Ill) ; 
Pieta  vulgarii,  309  (Fig.  103)  ; 
Prunui  domtttica,  348;  Pi/nu 
'  toiamaaii,  850;  TriCicttm  durum, 
19  (Ffg.  11). 
„   Uethods  of  investigation,  338. 
Seeds,  Starch  in,  10  ;   alenrone  !□,  10. 
„   Pea,  16  (Pig.  10);  Whs«t,  19  (Fig. 
11) ;  Lapiue,  24;  Castor-oil,  26 
(Fig,  14);  Brazil-nut,  26;    Or- 
oithogalam,  63  (Fig.  25};  Date, 
54. 
„  Albuminoiu,  S16;  eialbaminouB, 
339. 
Stlagintlla  Martetuii,  Sporangia,  297 ; 
BpoiGB,  297 ;    Tegetati?e  struc- 
ture, 296. 
Serum  of  blcxid.  Use  of,  341, 
Seta  of  Mosa,  260. 
Sheatb,  TaEcular-bandle,  84. 
Shellac,  in  absolate  alcohol,  Use  of, 

366. 
Sktphtrdia  CanadeniU,  Scale -hairs,  7S 

(Fig.  34). 
Sieve-aieas,  120  (FigB.  49,  Bftj,  132 

(Fig.  62). 
Sieve-pitB,  107,  122, 148. 
Sieve-platfia,   91,  107,  131  {Fig.  62), 

147. 
SiSTe-tubea  of  Ariitoloehia,  107 ;  Cii- 
curbita    Pepo,    131    (Fig.    52); 
Lyeopodiam  eomplanaiuni,  119; 
PfniK  lylveatrie,  122  (Figs.  49, 
60);  FteTii,  146;   Tiiia  paroi- 
folia,  126;  Zea  Mail,  67. 
„   callus,  91 ;  deTelopment  of,  109, 
121   (Fig.   60),   134   (Fig.   63); 
ataiaiag  of,  91,  121. 
„   conteota,  134, 13T,  138. 
Siphonefe,  260. 
Slime,  lee  Mocub,  Mucilage. 
Soda,  CiQBtio,  Use  of,  48. 
Sodiam  chloride,  Uw  of,  208. 

„  sulphite,  Use  o',  232. 
Solanian  tuberotum  (Potato),  Starch  in 
tuber,  i   (Fig.  3) ;   disease  of, 
259. 


Spormatia,  ol-Ecidium  Btrberidu,  264- 
Anaptychia  ciiiorit,  271. 

Spemtalio  nncleus,  332. 

SpeimatozoidB   of    Marehantia,  271 ; 
ifnium,  278 ;  Polypodiiim,  293  ; 
Vmekeiia,  263. 
„   Stimulation  of,  in  Ferns,  294. 

Spermogooes,  of  jEcidiim,  262,  26'1 
(Fig.  90*);  Anaptychia,  271 
(Fig.  93). 

Spermo- nucleus,  832- 

Sphtero- crystals,  tet  lauline. 

„  Calcium  phosphate,  60,  note  ft. 

Sphagnum  ncuti/ud'um,   Structure  ol. 

Spider-wort,  lee  Tradeinantia.      [193. 

Spiudle-fibrea,  363- 

Spiudle-tree,  ice  Etionymut. 

Spirol-veBselB,  80,  86,  1B6  ;  Mee  Vas- 
cular bundles. 

SpiriUum  dentium,  232. 

Spiroch<Ete  plicatiiii,  231  (Fig.  84). 

SpiTogyra,  Conjagation,  246. 

„  majaicuta  (5.  orlkoipira).  Cul- 
ture of,  207;  CeU-strnoture  of, 
208  (Fig,  76).  [phjll. 

SpoDgy  parenchyma,  161.    Sec  Meso- 

Sporangia,  Stniotoie  in  Atpidium 
Filix-mai,  2B9  ;  ilucor  Macedo, 
255;  Phylaphthora,  258  (Fig. 
89) ;  Scolopendriiim  ealgart, 
239  (Fig-  96);  SelagineOa 
ilarttKtii,  397. 

Spores,  ol  MeidMin,  263  (Fig.  90*) ; 

Anaptychia,  270 ;  Bacteria,  223, 

239    (Fig.   86);    Funaria,    286 

(Fig,  95  i>)  ;  Marclianlia,  277  ; 

Ifnium,    283;    Morchtlla,    269 

(Fig.  92);  Mtieor,  266;  ScoUi- 

pemlriuni,  389  (Fig,  9G);  Sclagi- 

vetla,  297. 

„   AscoEporea,  of  Anaptyckia,  270; 

ilorcliella,      269      [Fig.     92) ; 

PmiciUium,  261. 

„  Baaidiospores,  of    Agaticui,  268 

(Fig.    91*)  i    Pmicillimn,    260 

(Fig.  90);  Siasala,  267  (Fig.  91). 

„   Macrospores,  297;    Microsporee, 

297. 
„   Swarm-spores,      of      Cladopitora 
250  (Fig.  80), ;  Vaucheria,  251 
tFig.  87). 
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Spotes,  Talentosporea,  of  Pticoinia,  2G4 

{Fig-  SO*). 
„   Uredospores,    of    Pvccinia,    2M 

(F%.  W). 
„   Zoospores,  lee  Swarm-sporeB. 
„   ZjgoBpores,  of  lfm:<r  256' ■'piro 

gyra.  247. 
Sporidia,  of  Piiccinia  gramtmi  265 
Sporogoniom,  of  Fa  or  a    335  (Fig 

95  c,  J>) ;  Jfarehantia  polymer 

pha,  377 ;  Mmum  280 
Staining  of  Bacteria   2''9       Set    iho 

undir  Object    to    be    sta  ned 

alto     OTerataining,     and     the 

different  staining  media. 
DoaUe-staiaing,  23S. 
Stamen,  of  Pimu  lylctitrii,  299  (Pig- 

99);  AngioBpetma,  311. 
SiaphyUa,  Formation  of  pollen-tube 

in,  321. 
Starch-builders,  29,  44   (Fig.  21).  65, 

66.      See     aleo     Lsucoplasts, 

Chlorophjll-bodies. 
Staroh-graina,  East  Indian  arrowroot, 

11  (Fig.  5| :  West  Indian  arrow- 
root, 11 ;  Bean,  10  (Fig.  4) ;  in 
latei  of  Euphoibia  helioscopia, 

12  (Fig.  6);  and  Enphoibiit 
tpl/ndeJia,  13  (Fig.  9);  Irii 
germaniea.  44;  Oat.  11  {Fig. 
7);  Pea,  17  (Fig.  10)  ;  Potato, 
23  (Fig.  3) ;  Wheat,  11  (Fig.  6). 

„  Componnd,  9  ;  semi- compound,  9. 

„  Identificationin3niaIlquantitj,39. 

„  Lamination  o(,  7  (Fig.  3). 

„   Presence  in  chlorophyll  bodiae,  39. 

„  K^lationa  towards  heat,  14 ; 
lieagents,— Iodine,  13,  Potash, 
14.  39. 

„   Swelling  of,  14,  39. 
Starch-mucilage,  tee  Mucilage, 
Starch-sheath,  105. 
Stem,    StrHCtare    of   in   Ariitohehia 
Sipbo,  104  (Fig.  46) ;  liraatna 
r«6ra,96  (Fig.  44) ;  Lycopodiiaa 
eomplanatuat,    149    (Fig.    58); 
Pinta  sylvtitrit,  114  (Figs.  46", 
47,  48);  IlanuncvliU  repeiu,  100 
(Fig.  45) ;  Tilia  parvi/olia,  125 
(Fig.  SO") ;  Zea  Mau,  83  (Figs. 
10,  41). 


Stereldea,   Stereome,  tte  Meohaaical 

Sterigma,  of  ^efdium,  264  (Fig.  90") ; 
.i3aricu»,268.(Fig.91');  .ilnop- 
tychia,  271  (Fig.  93) ;  Penicil- 
liiivi.  260  (Fig.  90) ;  Ruiiula;  267 
(Fig,  91). 
SteriliB  ng,  241. 
St  gma  318,  322,  326. 
St  ng  ng  bails,  see  Hairs. 
Stinging  nettle,  see  Urtica  dioica 
Stock  Ten-week,  «e  Mullftiolaamiun. 
fetoraata    of  AM  m'srican!,  67  (Fig. 
29);   Aneimia  fraxmifolia,  69 
(Fig.   30);   Irit   Jlorentina,  61 
(Fig.  27) ;  JBnium  ftoniitm,  284 ; 
Nerium    Oleander,   69 ;     Bula 
^aveoleta.  163  (Fig.  62)  ;  Tra- 
detcantiavirginica,  65  (Fig.  28) ; 
r.  zebritia,  66. 
„  Accessory    cells,    66    (Fig.    28)  j 
guard-cells,  61  et  teq.  (Figs.  27- 
30)  ;  movements  of,  64. 
„  Water,  inrropieoiu?B,70(Fig.  81). 
Stone  of  Plum,  347. 
Stone-ceUs,  of  Pear,  47  (Fig.  22).    See 

also  Sclerenchyma. 
Style,  332,  325. 

Suberia  reactions,  155.  [270. 

Sub-hymenial  layer,  267  (Figs,  91-93), 

Sugar,   Cane-sugar,  as  etimnlus    tor 

Spermatozoids  of  Moss.  295. 

Grape-sagar,  ite  Glucose. 

„   IdentiGcation  in  Beetroot,  45,  in 

Pear,  48. 
„  Teactions,    Barfoed'a.    49;    Feb. 

hog's,  48. 
„   eolation,  Use  o(,  34,  330. 

„  Sp.c.,UBeof,330,333,35C. 
Sugar- oane,  Bee  SacchaTu-mnSkinaTant. 
Sulphur,  in  cell-contents  of  Bacteria. 
Sulphuric  acid,  Use  of,  64,  58,68.  137, 

139,  193,  313,  318,  320  6,  871. 
Sundew,  see  Droiera. 
Suuflower-pith,  iiiii.;  to  obtain,  62. 
Suspensor,  309,  333. 
Suture,  323. 

Swarm-apores.of  Cla  dophara  glomerala, 
248  (Fig-  86) ;  Phylophthora, 
258  (Fig,  89);  Vauekeria  letlilit 
260  (Fig.  87). 
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Sweet' flng,  lee  Acorut  CaJaaiui. 
SivEGt-pea.  see  Lalhi/rai  odoralui. 
timit  and  Son's  microaoopes,  xvi. 
Sjmbioeis,  202,  216. 
Sjnergidffl,  >u  Embrjo-sno. 

Table,  Hot,  Banvier's,  IG. 

Table,  Wockiug,  Position  of,  lii. 

Ttumin,  Presence  and  identification  in 
Oak-eall,  53;  Willow  twigs,  62 ; 
Aider  twJgB,  63. 

Tapetal  cells,  316  (Fig.  104). 

Taxia  baceata.  Aril,  301 ;  male  flower, 
301;  female  flower,  302  (Fig. 
100);  palleu-gtaiDS,  301;  polli- 
nation, 301 ;  Etruoture  □(  root, 
141  (Fig.  56). 

Teleuloaporea,  Me  Spores. 

TeEtn,  atmcture  in  Captflla  BuT$a- 
pattoris,  339  (Fig.  111). 

Teat-objects,  214. 

Tetrarch  vascolat  bundles  of  roots, 
185. 

Thallus  of  Anaptyehia  eiliaTi$,  202; 
Slarchantia  pohjmoTpha,  184 ; 
Mctzgiria  fmcata,  107. 

ThicltneBa,  Increase  in ;  Stem  of  Arii- 
tnlochia  Sipho,  107  et  seq.; 
Iiaimncului,10l,  105,  110,  ISO  ; 
root  of  Taxut  baeeata,  142  ;  eee 
alto  Pinai  iijlveitrii  and  2'iUa 
evroptca. 
„   Abnonual  in  Dracccaa  Draco,  96. 

Thuja  occidentalii,  growing  apex  of 
root,  185  {Fig.  70). 

Tilia  parvifolia,  stiTictoie  of  stem, 
125  (Fig.  EO"). 

Toadstool,  tee  Amanita. 

Tarenia  Aiiation,  feitilization,  331 
(Fig.  110). 

Toms,  lee  Pits.  [114. 

Tracbeldes  (Hjdroida),  58,  105,  113  b, 

Tradeiciiniia,  virginUa,  movement  of 
protoplasm  in  Gtaminal  hairs,  28 
(Fig.  15),  34,  37a  ;  deTelopment 
of  pollen  grains,  316  (Fig,  105) ; 
of  pollen-tube,  331;  stomata, 
65  (Fig.  28);  cell  and  nuclear 
division,  356  (Fig.  113);  direct 
nuclear  division,  369  (Fig.  IIG). 
„  zebriiia,  stomata,  66. 


Trama,  207. 

Transpiration  tissue,  167. 

Trianra  bogoteniii,  rotation  in  root^ 
hairs,  37a. 

Triaroh  vascular  bundles  of  roots,  187. 

Tricbomea,  lee  Hairs,  Scales. 

Triticunt  durum.  Starch  grains  in,  11 
(FiR.  6). 
„  vutgare,  Aleurone  in,  19  (Fig.  11) ; 
structure  of  fruit  and  seed,  19 
(Pig.  11),  346  (Fig.  112  i) ;  ger- 
mination, 346  d. 

Tropieohiin  majui,  colour-bodies  ol 
flowers,  40  (Fig.  18);  water- 
pores  (water-atomata),  70  (Fig, 
31). 

7'ulipa,  development  of  pollen,  3IC. 
„  Qttneriam,  ovary,  321. 

UnioeUular  plants,  210,  221. 
Ured'<spores,  lee  Spores. 
Urtica  dioica,  bristles,  78  (Fig.    35) ; 
Stinging  baiis,  77  (Fig  35). 

Vacoination,  Tbeorj  of,  331. 

Vaouole,  29. 

Vallecniar  canal,  ISO. 

Valliin^ria  ipiralis.  Movement  of  pro- 
toplasm in  leaf,  36. 

Talve  (Fiustule)  of  DJatomacees,  210 
(Fig.  77).  in  «.,. 

Vascular  bundle  ojlinder  in  roots,  18* 

„  Struotare  iu  leaf  of  IriiJloTtMinn. 

03  (Fig.  42).  [Fig.  57). 

„  in  petiole  of  Pierit  aqiiUina,  146 

„  in  root   of  Acoma  Calamiii,  138 

(Fig.    64);    AlUtim    Cepa,   136 

(Fig.    63);    Hordeum    vtdga'e, 

183;  Iria  jUiTemina.  139  (Fig. 

65);  Raixujievhts  repens,    140; 

Taxiu  baccata,  141  (Fig.  56). 

„   in  stem  of  Arittolochia  Sipho,  104 

(Fig.  4<3) ;   Chelidonium   majiia, 

101 ;     Cucurhita     Fepo,     130; 

DracaTia  rubra,  96   fFig.   44) ; 

Pinia    tylcetirit,    114;    Plerit 

aQuilina,   145 ;  Paiiaiicului  re- 

pim,    100    (Fig.     45) ;      Tilta 

turopaa,    126;    Zea   Mail,   84 

(Figs.  40,  41). 

„   Bast  portion,    86  ;     bicoUateral 
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Vaecular  bundle, — contimiei. 

baodleB,  130  ;  cauline  bandleB, 
171;  closed  bundles,  83  etifq.; 
collateral  bnndles,  86,  180  ; 
common  bundles,  181;  foliar 
bundles,  172  ;  badrome,  86 ; 
leptome,  B6 ;  meetome,  86  ; 
open  bundles,  100  et  »eq.  ; 
phloem,  86  ;  piolophioem,  87, 
93;  proloiylem.  8G ;  Tftacaldr 
portion,  80;  wood,  86;  lyleln, 
36. 
„  CourES  of  in  EqnisetaceiB,  180 
(Fig.  68) ;  terminationa  of  in 
petals,  168. 
„  Staining,  SO,  91,  93,  95.  See  alto 
Coral  lin. 

Vaaeheiia  lesHIU,  Fertilization  of, 
253;  muUiuudear,  251 ;  seinal 
organs,  252  (Fig.  68) ;  sirarm 
pporea,  250  (Fig.  87). 

V«gatativecell,in  polleu-gcain  of  Pimu, 
300  (Fig.  99) ;  of  Tradescantia, 
318  (Fig.  106). 

Vein,  Use  of  term,  168. 

Vein-parencbyma,  168. 

Vtrbuiciim  nigrum,  cell-sap  in  petola, 
11,   74  ;    haira  of  corolla  and 
stamens,  74  ;  TfiBcular  bundle, 
ends  in  petals,  1G8. 
„   t)iapti/iirme,  bairs  on  leaves,  75. 

Vdrick'a  microscopea,  xvii. 

Vessels,  85;  of  Cueuibita  Pfpo,  130 
et  teq.  See  alto  Vascular  bun- 
dle, Scalariform  vessels.  Spiral 
vessels.  Fitted  ducts,  Siere- 
tabes.  Annular  vessels. 

Vesuviu,  Use  of,  229,  238. 

Viiica  major  and  V.  minor,  coloured 
sap  in  flower,  42;  solerenohjma 
fibres  in  stem,  63. 

Viola    tricoloT-nraiuliflora.,     hoics    on 

petals,  74  (Fig.  33).  [36  a). 

,,  61imdsoQstipules,82a,note(;  (Fig. 

Virginian  creeper,  tee  Ainpelapiis. 

Wallflower,  lee  Chiiranthia  CheiH. 
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Walnut,  see  Juglani  regia. 

Watch-glasses,  xiiii. 

Water,  Conduction  of,  168. 

Water-porea,  of  TiopicufHirt  maju$,  70. 

Water  a  torn  ata,  set  Water-pores. 

Wax,  Use  of,  to  close  preparations, 
367 ;  relations  with  alcohol,  82. 

Wai-drops,  for  the  protection  of 
objects,  367. 

Wai- layer  in  EchtveHa  globoia,  81 ; 
EiicahjplTiM  globulus,  81  ;  Irii 
J}orerttiTia,61 ;  Primus  domeeticn. 
347;  Saccluiramnfficinarara.H 
(Fig.  39). 

Wheat- grains,  »te  Triiicam. 

Willow  twigs,  Tannin  reaction,  tte 
Salix. 

Wood,  to  cut  sections  of,  55. 
„  Separation  of  elenienta  by  macera- 
tion, 112, 129  (Fig.  El),  155. 
„  Structure  of,  in  Aristolochia  Sipho, 
104  (Fig.  46);  Pinm  iijlcetlM, 
114  (Fig.  46*);  Tili-tpaivifulia, 
126  (Figs.  50",  61) ;  Zeailaii. 
85  (Figs.  40,41).  See  aho  Vas- 
cular bundle,  Xylem,  Lymin 

Wood- parenchyma,  148. 

Xylem,  see  Wood,  Lignin,    Vascular 

bundle. 
Xylol,  Use  of,  230,  236. 

Yearly  rings,  115  (Fig.  46-),  135  (Fig. 

60"). 
Teast,  tee  SacckaTOmycet. 
Yew,  tee  Taxut  baccala. 
Yucca,  Pistil  of,  326. 

Zea  Mait,  stk'ucliire  of  Tascu'di 
bundles,  83  (Figs.  40,  41). 

Zeiaa's  micvusoopes,  ivi.,  2  (Fit;.  2), 
224  (Fig.  83). 

Zoogloea,  222,  237  (Fig.  85  *). 

Zoospores,  tee  Swarm -spores. 

Zygneiaa,  247. 

Zygospore,  of  Mucor  Miiceda,  256 ; 
SpiTogyra,  2i7;  Vauclieria,  25i. 

Zygote,  tee  Zygospore. 
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